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"Westinghouse 
Type P A Universal Oscillograph 

INSTRUCTIONS 

I NTRODUCT ION 

General 
The Type l'A oscillograph is a me­

chamcally operated electro-magnetic in­
strument wh1ch measures so-called 
mstantaneous electrical quantities as a 
function of time,

, 
either visually, or 

photographically. The type PA oscillo­
graph measures quantities throughout 
a frequency range of from zero or con­
tinuous quantity to a frequency slightlv 
more than 10,000 cycles per second. 

The PA uni:rersal oscillograph ,  Figs. 
1 and 2, IS des1gned to cover the entire 
oscillograph field as required by the 
general user and do 1t at a minimum in­
vestment. It is equally applicable to the 
laboratory for special and routine studies 
to exhibit instantaneous variables in th� 
classroom, or to automatic recording of 
power system faults. The main case 
w1th the light source, optical system and 
means to mount any accessories is the 
��\me, regardless of . the application. 
I herefore, startmg w1th the main case 
the customer may choose j ust those part� 
he needs wh1ch can be mounted on the 
main case and which will be the oscillo­
graph he desired for his purpose. 

The following are a few of tl1e out­
standing features found in the PA uni­
versal oscillograph : 

1. _Simultaneons viewing while photo­
graphmg. 

2. A complete line of oil-seepage 
proof galvanometers which are inter­
changeable for all applications and with 
clements capable of being adjusted in­
dependently of the magnet-well. 

:3. Com)Jlete line of control panels, 
any of whtch can be mounted within 
the main case. 

4. Simultaneous viewing mechanism 
capable of being synchronized on any 
frequency. 

�- The fundamental part of the 
osctllograph for all applications is the 
same. It is only necessary to change the 
panels to st11t reqt11rements. 

6. Complete line of filmholders with 
integral-mounted, wide-range, adjust­
able-speed motors. 

7. The complete unit is unusuallv 
small and compact. 

0 

8. A simplified ancl efficient optical 
svstem which will use anv of a choice 
o
.
f three cheap universal la�ps-namelv 

the single filament 6-8 volt automobi "l� 
lamp of either 21, ;{2 or 50 candle power. 

!:l. Complete line of fuses for gal­
vanometer protection. 

10. Lastly, the abo\·e features are 
incorporated- into one unit, resulting in 
a maxtmum of utility, flexibility, and 
accessibility. 

Unpacking 
The oscillograph is shipped in a 

heavy, one inch, wood case with felt­
padded braces to hold the instrument 
in a defi�ite position within the shipping 
case, wh1ch has sturdy luggage handles 
on either end for convenience as a 
carrying case. 

Unpack the oscillograph by removing 
all the wood screws from the cover of 
the shipping case. Also, remove the 
top braces and packing. The oscillo­
graph can then be extracted vertically 
by two cloth lifting-straps. 
. The oscillograph, as received, has its 
mternal connections made and the gal­
:vanometers filled with the proper damp­
mg. flmd ready for service. To put the 
osc1llograph mto operation there re­
mains only the external connections to 
be made. However, before connect­
ing !n the �nstrument, thoroughly read 
the mstrucbons on all parts supplied so 
as to avoid mistakes and to obtain 
best results. 

The o:;cillogr�ph may be operated 
most sattsfactonly by placing it on a 
small, flat-top table, either stationary 
or portable. The approximate dimen­
sions of this operating table found to !)� most convenient are 36 inches long, 
2a mches wtde, and about :39 inches from 
the floor to the table top. A mobile 
steel table S i!l9:�0416, specially con­
structed

, 
for tlm; oscillograph, is avail­

able. 1 h1s table IS mounted on rubber 
wheels, has totally enclosed compart­
ments underneath for storing all parts 
and a flat lmoleum top with a sturdy 
handle on one end for pushing the table 
from place to place. 

MAIN CASE 
The main case, S i!i877o:3G for 4 ele­

ments or S i!ilO<Hl701 for 7 elements 
Figs: 4 and .5,_ is the common part of the 
PA !me of oscillographs. It either houses 
or has means to mount any oscillograph 
accessory. The top level of the case con­
sists of the fundamental or oscillograph 
proper. In th1s compartment ts the com­
plete optical system with the galvanom­
eters. The lower level of the case is 
the space for mounting of the control 
panels for the galvanometer as well as 
the control of the operations of the os­
cillograph such as the lamp, filmholders 
and simultaneous viewing attachment. 
On the outside of the case are the mount­
ings for the filmholder, lamp aml poly­
gon motor, and neon timer. 

a. 

Optical Compartment 

General 
The optical compartment, Figs. 2 

�mel li, starts with the light source which 
IS mounted externally on the left-hand 
side of the case. The light from the 
source is directed through a corrected 

.., 
u 

compound lens mounted on the inside 
of the case wall, hence onto a group of 
adJttsta�le pnsms positioned in a row. 
The pnsms reflect the light ninety de­
grees through a group of adjustable 
shts to the galvanometers placed at the 
rear of the main case. The light enters 
t�e galvanometer through the lens­
wmdow and is reflected by the mirror 
back_ out the same lens-window to the 
Vlewmg screen and photographic surface. 

The focal length of the galvanometer 
lens. wincl?w is selected to focus the 
lummous 1mage of the adjustable slits 
onto the viewing screen and the film 
:mrface. The top part of the slit image 
IS used for photographing and the bottom 
part of the image is reflected to the view­
ing screen. This condition is reversed 
when using the cover with calibration 
\":indow or the four-sided polygon. In 
e1ther case the film surface and the view­
ing screen are equidistant from the gal­
vanometers, purposely designed to give 
correct calibrati�n of the photographed 
beam by measunng the beam deflection 
on the viewing screen. 

b. Lamp Assembly 
Th� complete lamp assembly on the 

l eft s1dc of the main case, Figs. 5 ancl 
7, is mounted similarly to the filmholders 
by sliding vertically in grooved brackets 
:;hown in Fig. 4. The lamp compartment 
IS assembled on three plates with thumb 
screws to !(ive universal adjustment 
of the lamp m one plane. The vertical 
motion is made by top thumb screws, 
and the hor!zontal motion is made by 
turnmg the stele thumb screw. The lamp 
IS set 111 the middle of the horizontal 
travel by loosening the lamp socket set 
screw and sliding the socket in or out 
?f its h�lder. The socket is tightened 
m a pos1tton to place the vee filament 
in a horizontal plane. 

The lamp housing cover is removed 
by loosening a single thumb screw on 
top of the cover housing. \"!hen a new 
lan;p is put in, the only adjustment 
:vh1ch _1� necessary 111 the optical system 
ts r�os1t10nmg the lamp by turning the 
honzontal . and . vertical adjustment 
screws unttl the 1mages from the slits 
fall back on the galvanometer lens­
windows. 

\Vhen the oscillograph is being used 
for automatic operation to photograph 
chance disturbances, the lamps should 
be renewed at least every month or 
better still every three weeks. In this 
application the lamp is kept at a pre­
heat value continually so that the lamp 
w1l_l come to photographic brilliancy 
qmckly. (See discussion under Auto­
matic Panel) .  

c. Optical Box 
The optical box, Figs. 2, fi, and G, is  

placed on the inside middle of the main 
case. Two small covers on either end of 
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Westinghouse Type PA Universal Oscillograph 

TERMINALS· FOR 

GALVANOMETERS 5,6,7 
TERMINALS FOR 

CURRENT LEADS 

LAMP 

HO USING 

V IEWING 

SCREEN 

BRACKET & 

MOTOR FOR 

VIEWING -

POLYGON DRIVE 

Frc. 2-ToP VrEw OF THE PA UNIVERSAL OsCILLOGRAPH WITH CovER 
REMOVED TO Snow THE AccESSIBILITY To IKTER�AL PARTS. 

the optical box may be removed by tak­
ing off two thumb nuts on each cover. 
Under the right-hand cover is a circled­
cross or target engraved on the oscillo­
graph wall. The position of tl1e lamp 
assembly is adjusted to center the light 
spot on this target by adjusting the 
horizontal and vertical lamp adjust­
ments, until the lamp is in the mean or 
middle position for intended motion in 
either direction. 

On the left-end of the optical box 
under the other small cover is the com­
pound lens. The focus of the light on 
the galvanometers is made by turning 
this lens in or out of its holder until the 
image of the lamp filament is sharp, as 
seen on a sheet of white paper in the 
plane of the galvanometers. The recom­
mended focus is to adjust the image to 
be sharply in focus at the middle section 
of the galvanometer hank. That is, the 
corresponding galvanometers on either 
side of the oscillograph center line should 
have the spots equally focused. 

in a clamp near the optical box and 
should be kept there when not in use. 

The adjustment of the light spots can 
best be made by holding a piece of thin 
white paper in a position near the optical 
box and just low enough to receive the 
images from the galvanometers onlY. 
Then while watching these spots, adju�t 
the prisms and lamp positions until a 
uniform bright slit reflection appears 
from all galvanometers. 

SIMULTANEOUS 
VIEWING 

The simultaneous viewing attach­
ment, shown in Figs. 1, 2, :3 am! H, 
is simplified in its design to the extent 
that it is handled as an accessory to the 
oscillograph. It may or may not be sup­
plied with the oscillograph as desired. 
This attachment may readily be removed 
or added. The mounting holes may be 
closed by means of screws and plug parts. 

The simultaneous viewing attach­
ment consists of the following : Within 
the case is the cylindrical condensing 
lens and its mountings, and the polygon 
assembly with its ball-bearing mount­
ings, see Figs. 4, 5 and 6. On top of the 
case is the viewing screen, the casing 
housing and the light shielding cover 
and reflecting mirror and on the side 
of the main case and adjustable-speed 
polygon-drive motor and motor mount­
ing bracket, see Fig. 2. 

The light beams from the galvano­
meters are adjusted so that the lower 
half of the beam is intercepted by the 
first viewing condensing lens Fig. G. 
This condensing lens concentrates the 
light on to the twelve-sided polygon. Any 
two polygon mirror surfaces will reflect 
two light beam spots so that they may 
fall on the opposite ends of the viewing 
.,creen and be visible at a single glance. 
This feature of always having a record­
ing beam on the screen has the !Jig ad­
vantage that no other oscillograph in 
the past has had and that is to always 
have the record in sight and miss no 
part of it. In case of any transient mo­
tion of the beam, it will always be visible 
on the screen somewhere. 

,\ ny continuous phenomena may be 
Yiewed at several different wave lengths 
by setting the motor at the proper speed. 
The motor speed is adjusted by merely 
turning the knurled knob opposite tl1e 

The prisms, Fig. 6, which reflect the 
light on the galvanometers, are mounted 
on the end of a shaft which is hinged from 
a ball and socket joint. This universal 
hinging allows a wide adjustment in the 
placing of the light spot. The hinge 
is sufficiently tight to hold the prism 
in adjustment for any ordinary handling 
of the instrument. All adjustments arc 
made at the factory and they should still 
be in adjustment upon receipt of ship­
ment of the instrument. A special opti­
cal adjustment tool, Fig. 2, or center­
pin screw-driver is supplied to adjust 
the prisms and slits . This tool is carried 

Frc. a-FRO�T \' .. IE\Y OF THE PA UNIVERS.\L OsciLLOGRAPH \\"ITH Snrn.T.-\1\EOl"S 
VIE\YIKG CO\'ER OPE:<. 
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TT'cslillg!zot!sc Type PA Universal Osrillograplz 

d rive end of the motuL Tile turning of 
this knob on the motor shaft sets tlw 
speed con trul governor contacts for a 
constant speed. 

Caution should be usee! to not l1avc 
direct light shining from an external 
source on the Yiewing o;creen while 
photograpl1 ing. Naturally, the darker 
the surrounding room the more visible 
becomes the record on the viewing 
screen. While the oscillograph is not 
in use, it is well to keep the cover closecl 
over the viewing screen if for no other 
reason than to keep dust settlings off 
U1e screen. To clean the screen use 
water with a little hand-soap if neces­
sary. Do not use a cleaning fluid of any 
sort on the viewing screen, as it may 
remove the ground surface. 

If the lid mvering the ground screen is 
supplied with a five-inch square mirror, 
additional viewing may he obtained. 
By raising the cover and tightening the 
lid braces at such an angle so that groups 
seated in a class-room or lecture room 
may all view the record on the screen 
at once. 

Fr<;. 4 -SIDE \�mw oF nu<.: !\L\I:-.: C.-\<.:;E; TilE Co�nro:--J PART oF THE PA U="IYERS.\L 
Osnu.o<;TL\PII LII\'E. 

The motor drive is mounted on an 
ahsor·ption cushion to avoid transmission 
of motor vibration to the galvanometers. 
lf tl1c motor mounting screws are screwed 
too tightly, this cushion mounting be­
comes ineffective. Always keep motor 
mounting screws as loose as practicable. 
These screws also are tl1c means of 
keeping the motor sl1aft axis at \!0° to 
the polygon axis. Care should he taken 
to sec that this condi t ion exists. 

MOVABLE LENS 
FOR FOCU!JNG 

Tu impro,·c the quality of the viewing 
record it may also be necessary to 
adjust the position motor mounting 
bracket to give better alignment of the 
motor with the polygon shaft. This 
bracket is mounted at three points and 
has clearance holes in the casting to 
allow for adjustment in tl1e shaft align­
ment. The motor shaft is merely pushed 
into the flexible coupling made of a com­
bination of rubber and metal. This 
coupling is not critical to alignment 
and will tolerate a considerable mis­
alignment before it will effect the syn­
chronization of the viewing record. 

VtRTICAL 

GALVANOMErE.R 

MOUNTING. 

Ftc . .  -,-ToP Vmw oF THE r..L\1� CA'5E SHoWIS"G THE 1-Iol.1�Tl.'\'(; 
l.AJC\ noNs or< OscrLLO(;R.\l'H AccEssoRIEs. 

GALVANOMETERS 
General 

The so-called mechanical or electro­
magnetic oscillograph is built around 
a modified cl'Arsonval or a one turn 
moving-coil galvanometer often referred 
to as the Duddell or bifilar type. The 
complete vertical galvanometer, Fig. S, 
or complete horizontal galvanometet· 
Fig. 10 consist essentially of two major 
parts: namely, the vibrator or element, 
and the magnet well. The vibrator has 
a single loop of thin, flat silver strip, with 
its ends soldered to two binding posts 
ancl the loop stretched over two ivory 
lJridges to an insulated pulley mechan­
ically attached to a tension spiral-spring. 
The strips between the ivory bridges 
are parallel with a small mirror cemented 
across the strips at their mid-portion. 
The magnet well contains the mounting 
for the vibrator, the magnetic tield struc­
ture, and the oil hath for damping the 
vibrator strips or clement. This type 
is used for current or voltage measure­
ments. Use of the principles involved 
has produced a line of instantaneous 
and average value watt galvanometers 
Figs. 2:3, 2.5, 29 and also one of the 
permanent magnet moving vane type 
Fig. :H. 

The galvanometer places 1, 2, :3, 4, 
Figs. 2, and li, are of the vertical type 
Figs. 8, :n, 2i>, 2\J, :n, whereas for places 
,; , (i, 7, Figs. 2, 6 they are of the horizontal 
type, Fig. 10. In the former the 
vibrator is removable and rotatable 
witl1 respect to tl1 c  magnet poles. 
The tension spring is adjustable. 1 n 
the latter the vibrator is part of the 
well top plate. It is not removable or 
adjustable with respect to the magnet 
poles except for repairs. 1 n early typc·s 
its spring tension is fixed. lVlorc rccc·nt 
models have an adjustable spring. The 
vertical type Yihrators can be obtained 
separately whereas in the horizontal type 
the vibrator comes as part of the com­
plete galvanometer. 
Unpacking 

\Vhen galvanometers are shipped , 
assembled in an oscillograph, they arc 
filled with damping fluid and the mirror 
beam-reflections are focused ready for 
service. It is always wise to inspect 
tl1c galvanometers carefully for any 
l>rcakagc in sl1ipmcnt or oil leakage that 
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CYLINDRICAL 
LENS fOR 
VIEWING 

GROUND GLASS SCREEN fOR 
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CYLINDRICAL 
CONDENSING 
LENS 

PHOTOGRAPHIC 
SURF" ACE 

FIG. 6---DL\GRA:\tMAnc SKETCH OF THE OJ>TIC.\L SvsTE::\I FoR THE PA U:\'IYERSAL OsuLLOGRAPH 

111ay be due tu son1e tnechanical ftcnv, 
but do not remove vibrator from well 
before completely testing the galvano­
meter. 

If the vertical vibrators are shipped 
under separate cover, turn the holding 
bracket of the carrying case to one side 
and remove the vibrator by lifting it  
vertically, being careful not to strike 
the side of the case while withdrawing. 
Remove the center thumb screw from 
the vibrator and fill the well with the 
proper damping fluid (see table, Fig. 9, 
for the correct fluid) to % inch of top 
plate, as shown in Fig. 8, and read under 
"Galvanometer J'vlaintenance" the para­
graph on "Vibrator and Well Oil Sealing" 
before inserting the vibrator into the 
magnet-well. \Vith the small mirror 
toward the front of the galvanometer, 
lower the vibrator stem into the well 
until the vibrator rests on the top plate 
of the well,  see Fig. 33. Next slide the 
vibrator forward until the vibrator frame 
rests against the outer rim of the top 
plate. At the same time view through 
the lens window to see that the element 
goes in the air gap and does not bump 
the pole faces on either side of the air 
gap. Then place the center holding 

screw and turn screw in good and tight 
by hand, using a cloth between thumb 
and finger to obtain additional turning 
effect, but do not use pliers. The pinion 
adjustment screw is then put in the 
small hole in the top plate near the 
pinion rack. 

Description 

Figs. 8, 10 show the side view of a cen­
ter line cross-section, cut from front to 
back, of a complete permanent magnet 
galvanometer of the vertical and hori­
zontal type. These figures show the 
element strips suspended between the 
two bridges (span Yz inch apart in this 
particular case) and placed in a powerful 
magnetic field set up by a specially de­
signed magnet of high coercive force 
steel. The sensitivity and period of the 
elements are varied by adjusting the 
following: cross-sectional area of the 
strips; the distance between bridge sup­
ports; and, the spring pull on the strips. 

The table in Fig. 9 lists the complete 
line of galvanometer characteristics 
showing their sensitivity, the element 
and field resistances, the resonant fre­
quency, the element safe carrying cur-

ti 

rent and the styles of tbe vibrator witb 
the proper element fuse and damping 
fluid. The first seven items are inter­
changeable in the same permanent 
magnet-well having a black moldarta 
case Fig. 8. The twin vibrator (item 8) , 
Fig. 9, has a similar permanent magnet­
well except it has a wider air gap. Items 9 to 13, Fig. 9, inclusive fit in a regular 
square die-cast well Figs. 23, 25, 29 and 31 and all have electromagnet field struc­
tures. These magnet-wells are each made 
special for its corresponding vibrators 
with the exception of items 10 and 11 
which have a common electromagnet 
well. These take vibrator� items 2 and 
;3 respectively. Items 14 to 17 inclusive 
Fig. 10 arc of the horizontal type in 
wbich the vibrator assemLiy forms a 
cover plate for a moldarta well thus 
making the complete galvanometer. 

When vibrators are changed from one 
magnet-well to another it must be 
remembered to change the damping 
fluid in the well to correspond with the 
new vibrator. The fuse must also be 
changed to protect the new vibrator. 
For the correct damping fluid and fuse 
see Fig. 9 and the discussion under 
vibrator being used. 

·�-��"'�"'·"':&1 .. , "''"'"""'•"'""-""'--ililftW!II1il!ltVRIIOI!Oilifl'"�"'""'"""""'"'""'" .. "'"'''"'rr1""M"''"""''"'"';r'"'"''"'m"''"'-1P'"''.""''"u .. r·iilll ___ ,.,.,...,._,... __ ...., ____________ �""""'--.::� ....... ,..,, .. , 
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Westinghouse Type P A Universal Oscillograph 

The approximate response curves for 
tl1e galvanometers are also given for 
most of the elements. These curves show 
the percentage response with varying 
frequency and are taken by holding a 
constant input to the galvanometers, 
throughout a wide range of frequencv 
and measuring the deflection of the 
galvanometer .beam on the calibration 
window for each frequency setting. In 
taking a response curve a reliable sine 
wave frequency source should be used, 
which can be varied throughout the 
range of the vibrator, also an indicating 
instrument calibrated in current in the 
galvanometer circuit which responds 
accurately, independent of the frequency 
range covered. The shape of the curve 
depends a great deal on the damping 
fluid used and somewhat on the tem­
perature. The direct current reading 
of the constant input is taken as 100%. 

Fie. 7-LA:\tP-Hoc:.:;IN<; AssE!\1BLY WITH Co\'ER RE:\IO\'ED ro Suow I�TERNAL PARTs. 

Operation 
The galvanometers are filled with the 

proper damping fluid before shipment 
and are ready for service as received. 
They can be connected directly into the 
circuit but before applying the voltage 
the proper circuit fuse to protect the 
galvanometer should be checked. Also, 
enough resistance should be in the cir­
cuit so that by applying Ohm's Law 
(E = RI) the circuit current will not 
exceed the "safe continuous element 
current" as listed in the table of charac­
teristics, Fig. 9. The values in the above 
equation are : E equals the applied line 
voltage, R the total circuit resistance 
including leads, fuse and panel resist­
ance, and I the current through the 
vibrator. 

beams of light from the source (the 
illuminated slit) to the vibrator mirrors 
and back to the viewing screen and the 
photographing surface. These beams 
may be checked for correct position by 
tracing the paths of light with a piece 
of white paper. 

It should be noted that when elements 
5 and 7 are used in conjunction with 
elements 1 and 4 that the reflected beams 
of light from 1 and 4 are usable only over 

approximately 75% of the full film 
width of 5 inches. This is due to the 
fact that the beams from 1 & 4 for greater 
excursions will intercept the mirror 
assembly on top of elements 5 and 7. 
Therefore when using this arrangement 
care should be taken to place phenomena 
which will exceed these excursion limits 
on elements 2, 3, 5, 6, 7 where this inter­
ference does not occur. 

Under actual operating conditions it 

Referring to Fig. 6 it is seen that ele­
ments 5, 6, 7 are between elements 1 & 2, 2 & ;{, 3 & 4 in the order mentioned. 
Each horizontal element is equipped 
with an adjustable reflecting mirror 
which not only bends the light source 
beam at right angles to the vibrator 
mirror but also permits the beam to be 
placed anywhere on the viewing screen 
or film. Fig. 6 shows the paths of the 

FIG. 8--·CENTER-LINE CRoss-SEcTIONAL VIEw oF THE SrA:-.�oARo 
VERTICAL PERMANENT MAGNET VERTICAL GALVANOMETER. 

GALVANOMETER CHARACTERISTI CS-TYPE PA UNIVERSAL OSCI LLOGRAPH 
Approximate Sensitivity When Damped 

lrEl\ 1 

I 
2 
:l 
4 
;) 
ti 
7 
X 
!l 

10 
11 
12 
J:l 
14 
],') 
10 
17 

-

TYPE OF GAL\'A:-.rO:\fETER 

- --- ---�-------�- -
Stan(lard Vertical 
Sensitive Vertical 
Sen. Fin. Vertical 
High-Sen. Vertical 
Super-Sen. Vertical 
Super�Fin. Vertical 
High Frequf'ncy Vertical 
T'vin Vib. Vertical 
Ultra-Sen. Vertical 
1 Phase Inst. Watt Vertical 
1 Phase Avg. Watt Vertical 
Polyphase lnst. Watt Vertical 
Polyphase Avg. Watt Yertical 
Standard Horizontal 
Sensitive Horizontal 
High-Sen. Horizontal 
High-Freq. Horizontal 

SE!'\SITIVITY 
AMPS., I:'\. 

D-C. + 
-------

. l.il) A 

.020 A 

. 02.) A 
.OOooi A 
.002"! A 
.002:1 A 
.2X:> A 
.0425 A 
. 000075 A 
. ;)7 A' 

.60 A' 
150¢ A' 
l. 37¢ A' 

150 A 
.0:!0 A 
.006.-, A 
28.i A 

\,.IB. VIB. FIELD 
RES. SPR<;. COIL 

IN TEN° RES. 
OHMS rNOz. OHMS 
-- �--- ------

I) s (j per mag. 
I .i> 4 per mag. 
1 ;) 4 per mag. 
;j. ;) H per mag. 
5 5 � per mag. 
.-, f) H per mag. 
2 2 !l per mag. 
I f) X per mag . 

2 20UOO(a) 
1. 5 4 0.022§ 
L;"i 4 0.022§ o: 7 4 0.019*§ 
2.4 2 0 009*§ 
0.6 {\ per mag. 
1.1 Hi per mag. 
3.9 � per mag. 
2.2 9 per mag. 

t Style for horizontal types arc tor Galvanometer complete. 0 For apparent damped n·sonance, multiply by 0.;)/S. (See Bibliography !\o. 3) 
(u� Inductance 4;_) henries. 

* Resistance per Coil. 
+ 20" Optical Lever. FIG. 0 

·-

U"- SAFE DAMPING 
DA�fPED Co�T. VIBRATOR FusE Fc.ums (S Oz. 

FREQ. 0 ELEMENT STYLE No. STYLE No. BoTTLES) 
Cv./SEc. CURRE�T STYLE Xo. 

----- ----- ------ ------- --·----·-
(1000 .4;j A 492 484 719 554 723 979 
3000 .ao A 492 485 719 555 723 978 

Damped ao A 565 161 719 555 723 978 
3500 .n A 577 707 719 556 723 980 
1500 .ll A 577 706 719 556 724 622 

Damped .l"l A 877 488 719 556 724 622 
10000 .:10 A 877 443 719 555 934 154 

:lOIJO .:10 A 573 785 719 555 723 978 
700 . 010 A 877 494 not fsd . 723 978 

3000 .30 A 492 485 719 555 723 978 
Damped .:30 A 565 161 719 555 723 978 

2500 .30 A 560 677 719 555 723 978 
Damped .45 A 652 256 719 554 723 978 

6000 . 4iJ A 1 001 995 ., 719 554 723 979 
4000 .30 A 1 001 996t 719 555 723 979 
3500 . l:l A 1 001 997 t 719 556 723 980 

10000 . :;o A l 001 998 t 719 554 934 154 

¢ Sensitivity per Coil. 
§ Inductance per Coil at 5 amperf's in milli-henries. 

Items: 10 and 11=.172; 12=.162; 1:l=.04H. 

Order by Style Number 

7 
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Westinghouse Type P A Universal Oscillograph 

may be desirable that all galvanometer 
beams be focused on the photographic 
surface in the exact same plane. This is 
shown by the horizontal line on the 
photographic surface Fig. 6. This ad­
justment is made at the factory as close 
as visual inspection will permit. For 
more exact settings a photographic trace 
must he made with all elements con­
nected in series to a direct current source. 
On make or interruption of the source 
the exact plane of each element can he 
determined hy noting the point on the 
film where each galvanometer excursion 
hegins. Any differences may he com­
pensated by placing shims between the 
bracket and the galvanometer mounting 
base for the vertical units and between 
the galvanometer well and the mounting 
base plate for the horizontal units. 
Differences in this condition of beam 
focus are due to the vibrator mirrors 
not being in the same optical plane 
i .e. in the center of the vibrator bridge 
supports (see notes under galvanometer 
maintenance). Corrections will not be 
present on the viewing screen due to the 
interposed polygon reflecting surfaces. 

FIG. 11- B.\CK A�D FRO�T VIEWS OF THE STA:N'DARD VIBRATOR 
REMOVED FROM THE !\.1AG�ET-\VELI.. 

Calibration 

c\fter the connections are all made 
and the desired beam deflection on the 
calibration window is obtained, a low­
reading milliammeter should he inserted 
in series with the galvanometer and the 
current read, at the same time a careful 
measurement of the beam deflection on 
the calibration window is taken in inches. 
Then the ratio of the d-e current in 
amperes to the beam deflection in 
inches is the sensitivity of the galvano­
meter. If alternating sine wave current 
is used, the deflection overall peak-to­
peak measurement will be 2.8:} times 
the cl-c. deflection (or sensitivity) for 
the same current reading (effective 
value) . See Figs. 22B and 23A. In the 
case of the watt-galvanometers, the 
sensitivity is the product of the direct 
current in one field coil bv the direct 
current in the correspon<fing; element 

coil divided by the beam deflection on 
the calibration window. Unless ti1P 
current is very steady, it is advisable to 
read the circuit currents and beam 
deflection simultaneouslv. If the cur­
rent is very steady and it is a continuous 
phenomena, the meter can be left in the 
circuit while photographing and the 
beam deflection measured more accurale­
lv on the film. On manv transitorv 
C"urrents the indicating meter, if left in 
the circuit, may give regenerative cur­
rents and give an erroneous beam trace 
on the oscillogram. Therefore, for 
careful work, it is advisable to remove 
the meter from all galvanometer circuits 
before the test, to use the same leads in 
each circuit during the test and to check 
calibration after completion of the t est. 

Permanent Magnet 
Galvanometers 

The standard vibrator is more com­
monlv usee! tl1an anv other element due 
to th� fact that it cO'vers the widest field 
of any of the vibrator line. This is 
because it  has the largest mirror and 
lowest resistance with a wide frequency 
range of all elernen ts. It is known as 
a general purpose vibrator finding i ts 
use mostly in laboratory tests of com­
mercial apparatus. 

In recent years because of demands 
for greater sensitivitv, such elements as 
the sensitive, which -is also used in the 
instantaneous watt galvanometers, the 
high-sensitive, and super-sensitive are 

ADJUSTABLE. MIRROR ASSEMBLY 
AND BRACKET 

FIG. 10-CENTER-LINE CROSS SECTIONAL VIEW OF THE STANDARD 
HoRIZONTAL PERMANEXT l\1AGXET GAL\'ANo:-vrETER 

tlnding; a much more extensive usc. 
Special elements such as the h igh­
frequency which is used mostly for 
sound analysis, and the ultra-sensitive 
or Legg type, which is used for extremely 
small currents of line frequency, were 
developed primarily to extend the upper 
and lower range of the oscillograph field. 
These find their greatest use in prob­
lems of researclJ. For further details see 
the headings below. Unless differences 
are noted the discussion applies equally 
well to vertical and horizontal type,;. 

High Frequency Vibrator 
The characteristics of the high fre­

quency vibrator are shown in Fig;. 1�. 
This vibrator is particularly adaptable 
for voltage and current measurements 
within the frequency range of the audio­
spectrum. Corrections for response 
in the range up to iiOflO cycles arc 
negligible. Beyond tl1al range curve 
Fig;. I� should be used. 

The precautions which apply to tem­
perature variations and current carrying 
capacity as given for the standard 
vibrator are equally applicable to the 
high frequency vibrator. Also see 
Fig;. 18. 

The vibrator resistance is 2.2 ohms 
for the vertical type and l.G ohms for 
the horizontal type. Its d-e. sensitivity 
is 28.5 milliamperes per inch. Used with 
the standard shunt of U volt output a 
series resistance of 23i to 2Y:J ohms 
will give one inch overall alternating; 
current deflection on film or screen. 
For the same dpflection on a-c. voltage 
peak-to-peak, a series resistance is 
added of 10 ohms per volt or 1200 ohms 
for 1 20 volts r.m.s. 

Standard Vibrator 

The characteristics of the standard 
vibrator are shown in Figs. 9, 1 1  and 13. 
This vibrator, Fig. 11, is particularly 
adaptable for current and voltage indi­
cations and for frequencies below 4000 
cycles per second, although it will give a 
22 per cent response at 10,000 cycles. 
Although Fig. 13 indicates a temperature 
of 20°C. for the response curve, wide 
changes of temperature may be tolerated 
without much effect in the frequency 
range of zero to 1500 cycles. In this 
range it has a constant or flat response 
characteristic and therefore, it can he 
used without corrections in response for 
this frequency range. Wide changes in 
damping-fluid characteristics have l ittle 
effect on the calibration up to 1.500 
cycles, however, its action will be affected 
in responding to transient phenomena. 
(See Bibliography Iii 3). ·._.,; 
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For frequencies greater than 1500 
cycles corrections in response or cali­
bration may be made by referring to the 
curve, Fig. 13. For any frequency be­
tween 1.500 to 6000 cycles per second it 
is recommended that the calibration be 
checked with a thermocouple meter each 
time the vibrator is used, as a change in 
temperature at these frequencies has its 
greatest effect. At frequencies above 
GOOO cycles per second, wide changes of 
temperature again have little effect. 

The watt dissipation of the element, 
as in most oscillograph vibrators, is so 
small that the ordinary continuous 
vibrator current has practically no effect 
on the damping fluid temperature and 
consequently can be neglected. 

The standard vibrator, when measur­
ing current values, is connected across 
a current shunt with a series resistance 
to control its deflection. As all the 
oscillograph shunts are designed to give XI' volt output at their rated or engraved 
current, the standard vibrator requires 
a series resistance of 4 to 4;\1 ohms to 
give one inch overall alternating current 
deflection on the film or viewing screen. 
For the same deflection on a-c. voltage 
peak-to-peak, a series resistance is added 
of 1!l ohms per volt or 2280 ohms per 
120 volts r.m.s. On d-e. this value be­
comes 6% ohms per volt per inch de­
flection. For the maximum safe carry­
ing current through the vibrator, 2XI' 
ohms per volt is  required in series. 

The fusing-current of the standard 
vibrator element is in the neighborhood 
of 1 XI' to 1 Y2 amperes. 

Current above the continuous safe 
current rating will produce heating 
effects which will cause a blurred image 
and it may also anneal the element thus 
changing its calibration. 

Sensitive, and Sensitive 
Fin Vibrator 

The characteristics of the sensitive 
and the sensitive-fin vibrators are shown 
in Figs. 9, 15 and 29-A, curve B. The 
sensitive vibrator is constructed similar 
to the standard exrept that its element 
suspension strips, also its reflecting mir­
ror are smaller. Its length of suspension 
between bridges is twice that of the 
standard. The undamped resonant 
frequency is but half that of the stand­
ard with six times the sensitivity, that 
is, it takes one sixth the current to 
deflect the light-beam a corresponding 
amount. 

At a temperature of 20° to 2:3°C. the 
sensitive vibrator is adaptable to cur­
rent, voltage, and instantaneous watt 
indications up to 1250 cycles per second 
at an accuracy in response of 2%. At 
l7.50 cycles its response drops to 80%. 
The response of the sensitive vibrator is 
22% at 4000 cycles which is comparable 
to the standard at 10,000 cycles per 
second. 

The sensitive-fin is essentially a 
sensitive-vibrator plus a fin to over­
dampen it to give average instead of 
instantaneous deflections as given by 
the sensitive. It may be used to indicate 
average values of single-phase watts, 

20 1 l I 1 -r 
100 I I I I I 

II I� � § � 
frequency-Response curve H tto sooo 

�rMe C-· � High frequency Vibrator 
I-I-p 

40 Temperature 20°C . ......-F?! 1sooo totoooo '-. 
d':' 20 

0 
/0.0 

Damping fluid 5#934154 
1.0 
9.0 

I I 2.o 
I I ao 

I r 30 4.0 
7.,0 6.0 50 

I Frequency in Ktlocycles per second 

FIG. 12-FREQUENcv�RESPONsE CuRVE FOR THE HIGH FRE()UENCY 
VIBRATOR FOR A FREQUENCY RA:--IGE OF FROM ZERO TO 10,000 CYCLES 

PER SECO�D. 

I I I I I ,-120 
� 100 I I I I 15 Response curve for o to soo'7! t::::,. ��Q_ ":: 60 standard vibrator II ""-i---
�� Oamp1ng Flwd 5"723��9 5000 to 10000-b. !--'--'"" 

Temperature 20 • C. d':' 20 
0 1.0 I I 2.0 3.01 40 

/QO 9.o 1 1 a.o 1.0 1 11-- 50 
I Frequency ;nt<.t'locyc!espersecond

-

FIG. 1 '�-F.lEQUENCY-RESPONSE CURVE FOR THE STANDARD VIBRATOR 
FOR A F .{EQCENCY RANGE OF FROM ZERO TO 10,000 CYCLES PER SECO='ID. 

FIG. 14-FREQUENCY-RESPO�SE CURVE FOR THE SENSITIVE VIBRATOR 
FOR A FREQUENCY RANGE OF FR0:\1 ZERO TO 4000 CYCLES PER SECOND. 

FIG. 1.5-FREQUE"i'rCY-RESPONSE CURVE FOR THE HIGH-SENSITIVE 
VI BRATOR FOR A F.�EQlTENCY RA�GE OF FROM ZERO TO 3000 CYCLES 

PER SECOND. 

rectified currents or voltages and for 
eliminating the ripple in constant 
current phenomena as for example, to 
eliminate the commutator ripple when 
interested in recording direct current 
output only of a d-e. generator. 

When using either the sensitive or 
sensitive-fin for current or for voltage 
indications, it is connected into the cir­
cuit similar to the standard vibrator 
(see discussion under Standard Vibrator.) 

When using these vibrators for watt­
age indications the vibrator elements are 
used as the voltage coils of the watt 
galvanometer and the stationary coil in 

9 

the magnet well is the current coil. Of 
course, a swamping resistance must be 
used in series with the voltage or vibra­
tor coil to limit the current to not more 
than the continuous safe current of 300 
m illiamperes as given in Table, Fig. !l. 

The sensitivity of the watt galvano­
meter is the product of the direct current 
through the vibrator multiplied by that 
through the current coil, per inch of 
beam deflection on the film surface or 
viewing attachment. 

The required resistance in series with 
the sensitive vibrator in the permanent 
magnet well to give a one inch deflection 
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Westinghouse Type PA Universal Oscillograph 

d-e. is 39 ohms per volt, to give one inch 
deflection overall a-c. is 1 10 ohms per 
volt, and to give the continuous safe 
carrying current is 3.5 ohms per volt. 

The fusing current of the sensitive 
vibrator element is in the neighborhood 
of one ampere. 

The single-phase instantaneous watt 
galvanometer most commonly uses the 
sensitive vibrator. In power trans­
mission study a record by the single­
phase watt can be made to reveal more 
perhaps than any other single reading 
Fig. 1 6  is an analysis of an instantaneous 
watt curve showing some of the indica­
tions obtainable from the amplitudes of 
the trace only. The fact that these 
indications are gotten from the ampli­
tudes of the curve is important as the 
measurements are independent of film 
speeds. The indications obtainable 
from a single instantaneous watt record 
are : instantaneous power, average 
power, power-factor and phase angle, 
also tl1e current providing the voltage is 
a constant which it usually is. (See 
Bibliography fi! 1) .  

FIG. 17-FREQUENCY-RESPONSE CURVE FOR T H E  SUPER-SENSITIVE 
VIBRATOR FOR A FREQUENCY RA�GE OF F ROM ZERO TO 2000 CYCLES 

PER SECOND. 

High Sensitive, and Super­
sensitive Fin Vibrators 

Similarly, these vibrators are con­
structed like those described in the 
previous paragraphs except that their 
element suspension strips and their 
reflecting mirrors are still smaller. 
These vibrators are all interchangeable 
in the same permanent magnet well, as 
used by the standard or sensitive. The 
performance characteristics of these 
elements are shown along with the rest 
in Figs. 15 and 1 7. The sensitivity of the 
high sensitive is twenty-five and the 
supersensitive is seventy-five times 
that of the standard. The undamped 
resonant frequency of the high sensitive 
is a little more than one-half and the 
supersensitive is one-fourth that of the 
standard. The only difference in con­
struction between the high and super 
elements is that the high has one-half 
inch bridge span and the super is one 
inch. 

The supersensitive fin is essentially a 
supersensitive vibrator with the addi­
tion of a fin to over-dampen it to 
give average deflections and is used for 

t he same purpose as the sensitive fin*, 
except that it is about twelve times as 
sensitive. 

These three vibrators are obviouslv 
used where low operating energy is an 
essential feature, as examples : a voltage 
indicator with low energy amplifiers 
and often where amplifiers are omitted 
entirely. These elements also work very 
well as the voltage element in the single­
phase watt galvanometer. The high­
sensitive is  more adaptable to the higher 
frequencies while either are particularly 
qualified to show ripple to an exagger­
ated degree in direct current quantities, 
as for instance, commutator ripple in 
generators. On the contrary the super­
fin can be used to dampen out the ripple 
on large direct currents to give average 
deflections. 

The safe continuous current for these 
elements is 130 milliamperes and their 
sensitivities are 6 and 2 milliamperes 
respectively for the high and the super­
elements which means that extremely 
large deflection can be obtained. In­
asmuch as these vibrators can be ad­
justed independently of the wel ls by 
means of an external thumb pinion, 
this feature becomes a very convenient 
and an extremely important item in 
numerous cases. All the galvanometers 
in this oscillograph have this distinguish­
ing feature, that of being adjustable 
back to zero by an external adjustment. 
Any galvanometer beam can be ad­
justed back to a zero position up to a 
deflection of approximately twenty-two 
inches either side of zero. That is, the 
amount of adjustment back to zero on 
either side depends upon how the mirror 
*See discussion under sensitive vibrator. 

Center l ine of .. ave 

a + b  
2 volt amperes effective value 

a - b -2-- = average watts 
a - b 
a + b = power-factor 

FIG. lfi-DETERMINATION OF PO\VER FACTOR FRO:\[ 
INSTANTANEOUS WATT ClJRVE. 
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is cemented on the element strips. If it 
cannot go the full twenty-two inches in 
one direction, it will go more than that 
amount in the other direction, the total 
being approximately the same. More­
over, if greater than twenty-two inch 
deflections are desired, then the mirror 
can be cemented slightly tilted to one 
side to favor the direction of deflec­
tion. Even though the vibrator frame 
can be adjusted throughout the ranges 
mentioned, the element may be made 
to go 30 inches or better by this method, 
provided the safe current carrying 
capacity of the element is not exceeded. 

The maximum beam deflection that a 
galvanometer will give is calculated by 
dividing the safe continuous current by 
the galvanometer current-sensitivity, as 
given in Fig. 9 and tabulated in Fig. 18.  
In this particular case we get 20 inches 
for the high sensitive and 56 inches for 
the super-sensitive which indicates why 
these two vibrators find such a wide use 
in studying the ripples and irregular 
currents found in rectification, commu­
tation and welding problems. Because 
of the mechanical limitation of the 
motion of the element, values beyond 22 
inches cannot be utilized unless the 
mirror is tilted as explained previously. 

The last column Fig. 18  shows maxi­
mum beam deflections for the galvano­
meters. Deflections greater than the 
five-inch film or ground glass width are 
measured by applying enough current 
at a time to bring the beam to the edge 
of the ground-glass. While the current 
is steady, the deflection is measured and 
the beam adjusted back to zero or the 
other extreme edge of the ground glass. 
This sectionalized measurement is car­
ried on until the safe continuous current 
is reached or until the thumb-pinion has 
turned the vibrator to the extreme edge 
of its pinion-rack. 

This adjustment gives two distinct 
and important advantages:  first, the 
element strips are always kept in the 
field of maximum torque and hence, 
uniform sensitivity ; and second, the 
reflected light beam from the element 
mirror always passes through the lens 
window at an efficient angle and there­
fore, the beam is always with a mini­
mum of coloring or loss of light. 

The required resistance in series with 
the high and super-sensitive elements 
to give one inch deflection d-e. is  1.54 
ohms per volt and 43.5 ohms per volt 
respectively to give one inch deflection 
over all a-c. is 4:{5 ohms per volt and 1 2:�0 
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Westinghouse Type PA Universal Oscillograph 

Table of 

BEAM DEFLECTION AND VIBRATOR BURDEN Ell 

APPROXIMATE 0 +  0 
SAFE DIRECT :!vfAXIMU:\1 VoLT-AMP. BeRnE� SERIES SERIES 

CoNTINuous CURRENT BEAM OHMS PER VOLT OHMS PER VoLT 
VIBRATOR CURRKNT SENSITIVITY DEFLECTION PER INCH FOR MAx. 

IN AMPS. IN AMPS. 1" D-C. A-C. DEFLECTION SAFE 
DEFLECTION 1" PEAK TO PEAK FOR D-C. CURRENT 

--------------

Standard {Vertical . 450 . 150 3 In. . 0180 . 00225 6 . 67 2 . 22 Horizontal . 0135 . 00169 
-----

Sensitive {Vertical 
Horizontal 

High Sen. {Vertical 
Horizontal 

Super-Sensitive Vertical 

Twin Vertical 

Ultra-Sensitive Vertical 

H" 1 F {Vertical 1g 1 requency H . t 1 onzon a 

. 300 

. 130 

. 130 

. 360 

. 006 

. 300 

. 025 12 

. 030 3 "  .a 

. 0065 20 
3.5 

. 0023 56 

. 0425 7 
-----

. 000075 30 

. 285 1 

In. . 00094 . 000117  40 . 0  3 . 33 In . 33 . 3  

In. . 00023 . 000029 154 . 0  7 . 7  In. . 00017 . 000021 
------- -------

In. . 00003 . 0000036 435 . 0  7 . 7  

In. . 00270 . 000338 23. 5 3 . 33 

*In. . 000112 . 000014 13333 . 166 . 

In. . 180 . 0225 3 . 5  3 . 33 
. 1.'35 . 0169 

0 Does not tnclude element or field reststance. 
+ For one inch deflection peak-to-peak on A-C. multiply ohms for D-C. by 2.83. 
* This value is limited by the construction of this type of galvanometer. See description under this title. 

E9 Where only one quantity appears in the space opposite each vibrator, it applies to both types, i.e. vertical and horizontal. 

ohms per 
maximum 
current is 
vibrator. 

volt respectively, and the 
safe continuous effective 

8 ohms per volt for either 

The fusing current for these three 
vibrators is approximately .4.5 amperes. 

Twin Vibrator 
Description 

As the name indicates, the twin 
vibrator has two independent elements 
assembled on a single vibrator frame. 
The vibrator is mounted in a permanent 
magnet-well similar to the standard. 
The only difference between the twin 
and standard magnet-well is that the 
magnet air-gap is wider in the twin to 
allow for the additional element. This 
wider air-gap means that the twin 
magnet-well is used for the twin vibra­
tor only and the twin-vibrator cannot 
be placed in the standard magnet-well 
without damage. The details of the 
twin are shown in Figs. 20 and 21 which 
are self-explanatory. 

With reference to Figs. 20 and 21 ,  
the cam shaft of  the twin vibrator ex­
tends from the top frame to a bearing 
support on the stem. Running at right 
angles to the stem is a curved shaped 
rocker-arm anchored on one end to the 
stem and on the other end is an adjust­
able screw which rests on the cam of the 
shaft near the stem support. In the 
middle of this rocker-arm is a tongue­
projection on which is an ivory auxiliary 
bridge. This auxiliary bridge rests 
against the inside ribbon of each 
element. Then, by turning the cam-shaft 
the cam raises and lowers the auxiliary 
bridge mechanically through the rocker­
arm. Raising and lowering of this 
bridge tilts the mirrors away and toward 
each other as a result of one ribbon of 
each element resting on this actuated 
bridge. Therefore, the light beams 

FIG. 18 

Table of 
WATT GALVANOMETER BURDENS 

FIELD COIL VoLT- ELEMENT BURDEN PER IN. 
AMP. BURDEN (0) DEF. @ .5 AMP. IN FIELD 

WATT 5 AMPERES CoiL AND UNITY P.F. 
GALVANOMETER 

(i() c. 25 c. INST. AvG. 
----------------

Single Phase 1 .7  VA .87 VA .00487 VAt .01950 VA 

Polyphase 
In st. 1.6 VA .76 VA .0210 VA* . . . . . . . . . . 

Polyphase 
Avg. Value .5 VA .31 VA • • • • • • • • •  0 .00146 VA* 

t Peak-to-peak measurement. 
* Per coil for 1" deflection on balanced 3 phase power. 

FIG. l!l 

which are reflected from these twin 
mirrors will spread or come together as 
this cam shaft is turned. There is a 
screwdriver slot in the top end of the 
cam shaft, hence, with a small screw­
driver the beams can readily be ad­
justed with respect to each other. Both 
spots can be moved across the screen 
without upsetting their spacing, by the 
usual adjustment knob common with all 
the galvanometers. 

Application 
The twin vibrator is used for measur­

ing current and voltage with an accuracy 
and over a frequency range similar to 
the sensitive vibrator described pre­
viously as may be seen from the curve 
Fig. 22. At frequencies above 200 
cycles per second the adjacent element 
commences to pick up the frequency 
from the other element due to the 
mechanical-coupling of the damping 
fluid. This coupling effect increases to a 

1 1  

maximum of 17% o f  the deflection on the 
adjacent element at about 1500 cycles. 
This coupling can be used to an ad­
vantage by placing the high frequency 
being measured and the timing current 
on adjacent elements in a twin galvano­
meter. As for example, the timing cur­
rent of the order of 100 cycles per 
second on one element of the twin and 
an investigated or unknown frequency 
in the order of 1000 cycles on the other 
element of the wire, then the oscillogram 
will show the timing wave with the 
unknown high frequency super-imposed 
on it. This very conveniently helps in 
counting the unknown or if the high 
frequency is known, it can act as a fine 
division scale in timing other phenomena. 
It must be definitely understood that 
this interference occurs only with the 
twin elements in a single magnet-well, 
there is positively no interference 
between adjacent galvanometers. In 
no case are any of the vibrators inductive 
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Westinghouse Type P A Universal Oscillograph 

S£CTIDN· C'·C 

FIG. 20-DETAIL ILLVSTRATED VIEWS OF THE TwiN-VIBRAToR. 

to the extent that any frequency will 
induce an inductive interference that 
will be seen let alone measureable on 
this type of vibrator. 

Caution should always be used to 
keep the two elements in one well near 
the same potential, as at near a 100 volts, 
the potential difference between ele­
ments in the same air-gap as each com­
mences to show an electrostatic pick-up 
from the adjacent element. (See Fig. 
22-B) .  Careful connections can always 
avoid high potentials between elements 
in one-well. For instance, in measuring 
a current and a voltage of a single-phase 
source, connect the voltage element next 
to the current element and put all the 
swamping resistance from that point to 
the high potential side of the line. 

carrying current it requires 3.5 ohms 
per volt both ac. or de. 

The fusing current of the twin vibra-

tor element is m the neighborhood of 
one ampere. 

Galvanometer Fuses 
The vibrator fuses have been selected 

to give complete protection to the 
elements even if they are operated in 
air. With the proper fuse, the element 
will be protected even if accidentally 
placed across the 120 volt supply wheth­
er ac. or de. 

In using fuses, it should be kept in 
mind that they have resistance and that 
this must be considered when figuring 
the total resistance to control the 
element deflection. In addition, the 
fuse resistance is affected by tempera­
ture, especially when the current value 
approaches the blowing point of the 
fuse. When the fuse resistance approach­
es the total resistance controlling the 
deflection, this change in resistance 
effect will be most noticeable. This is 
particularly true when measuring cur­
rents with the element directly or when 
used with the shunts in which cases it is 
often necessary to eliminate the use of 
the fuse altogether. Curve and table in 
Fig. 22-A gives the fuse characteristics. 

Single Phase Watt 
Galvanometer 

Description 
The single-phase watt galvanometer 

is shown partially assembled in Fig. 23. 
The metal die-cast well is common with 
all watt galvanometers and mounts in 
the same bracket and has the same 
space requirements as the permanent 
magnet well. 

To the top plate is assembled the 
electro-magnet field with a 5 ampere 
current coil. This current coil is tapped 
at 76 of its turns for momentary records 
of 30 amperes. The ohmic resistance of 
the full field coil is .026 ohms. 

The voltage element of this galvano­
meter is placed in the air gap of the 
electro-magnetic field and may be any 
of the elements that operate in the 
regular permanent-magnet well. The 
sensitive or sensitive-fin previously 
described are the elements most com­
monly used. When the sensitive-fin is 
used, the galvanometer is known as the 
"Single-Phase Average Watt Galvano­
meter". The sensitivity is shown in 

The required resistance in series with 
the twin element to give one inch de­
flection de. is 23.5 ohms per volt and 
66 ohms per volt to give one inch de­
flection overall ac. To give the safe FIG. 21-FRONT AND BAC K VIEW OF THE TWIN-VIBRATOR REMOVED FR0!\.1: THE MAGN"ET-\VELL. 

1 2  
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TVestinghouse Type P A Universal Oscillograph 

Fig. !J, and the response characteristics 
of the voltage element in Fig. 14. 

Application 

This galvanometer was designed to 
measure single-phase instantaneous 
watts, average watts, power-factor, 
phase-angle, and current provided the 
voltage is constant. 

The current-winding or full-field coil 
is intended for use in the 5 ampere 
secondary of any instrument trans­
former and will oJ;erate with 5 amperes 
continuously or 1000% overload for a 
duration of one minute. 

FIG. 22 -F.{EQUENCY-RESPO�SE AND 11ECliANICAL-COliPLING CURVES 
FJR T i l E  TWIN-VIBRATOR FOR A FREQUENCY RANGE FROM ZERO TO 

3000 CYCLES PER SECOND. 

The potential or voltage element may 
be used to measure voltage direct 
through suitable resistance as described 
for the sensitive vibrator. 

Standard control panels may also be 
used to supply the potential. See De­
scription under "Control Panels". This 
also applies when the galvanometer is  
used to measure phase angle direct 
when the current and voltage winding 
arc connected to the "Angle Control 
Panel". 

Corresponding polarity connections to 
the coil in the well and the vibrator will 
give a deflection to the right facing the 
galvanometer. The insulated terminal 
of the vibrator is the ± terminal. 

w 
80 1£Amp .Fuse 

/60 s• 7195 6 "' '(!_ 140 I B -� 120 �lOO / / 
.f; 80 
g 60 "' 
6 40 

'C; 20 
0 ./ .2 

I I I I l 
-- gAmp.fuse Yl tf 5*719555 / jAmp.fuse y l JX  5*719554 
/ .....-r1 I I I 

-- Resistance-Current Curves 
OsC!)/ograph fuses 

Fuse Normal Approximate 
Style IOO"f.Resistance Blowing Current 

719554 0.6 Ohms. .88 
719555 15 Ohms. .49 
719556 4.25 Ohms. .24 

1-
1-
1-
1-

.3 .4 I .s I .6 . 1 I .1s 
Current in Amperes! I I 

FH;. 22-A-THE AnovE CuRVE AND TABLE SHows THE 
RE::3-ISTA�CE CHARACTERISTICS OF THE 0sCII.LOGRAPH FUSES. 

1-

r-
'---
:--
� 

Voltage  E to be 
measured by e l ement 

I f G1 & G 2  o t  

S e r i e s  reSIStance Rs norm a l l y  u s e d  
to measure vo l ta g e .  This  a l so 

inc l udes fuse resistance. 

Voltage E to b e  
measured b y  e l e m e n t  

Ca l tbrat ton  Vol tmeter  

Pord l l e l  Res t s tance Rp 
normd l l y  om t tted but  
used to t n crease: volt­
dge drop o f  Rs for v i-
brators o f  h t g h  sens t t tv­
t ty  

G�, G2 ,  G 3  = Galvanometer vibrator elements with 
resistance Rg and sensitivity Sc1 c . 

Sc!c = Sensitivity in amperes per inch deflection D.C. see Figure !J 
V = Calibration Voltmeter-Optional for voltage measurements 
A = Calibration Ammeter-always used with shunts 

G2 & G3 o re twtn  e l e ments  
connect  to common ground 

as  shown. 

_ ,  
Ca I t  brat 10n 

Ammeter 

l g = Current flowing in the galvanometer vibrator G 1 , G ,, G , = Deflcction in inches x Sc! c. 

or when Rp = oo (i.e. omitted) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (1) . E 

l g  
D.C. deflection of G 1 , G2, G ,. =  - -
(for safe values see Figure 17) Sc!c 

E 
Sc! c [ Rs { 1 +��} +Rg ] 

E 
when Rp = oo . . . . . . . .  (2) . or 

1\.C. deflection = D.C. deflection x 2.S::l for lg r.m.s. A. C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (3). 
Voltage E p�r inch deflection of Gt, Gz 

= S [ R ) 1 + R g ( + R ] from ctrcmt constants ' d c s 1 Rp 1 g or Sc!c {Rs +R g } when Rp = oo . .  (4) . 

Current i pe� inch deflection of G, = S [ l +(R \ 1 + R g ( + R )-1-] r = S  [ 1 + \ Rs + Rg ( ]when R = oo . .  (5) . 
from ctrctut constants ' d e s I Rp I g R s h  0 d e  I R s h  I P 

FIG. 22-B-GALVA�OMETER Co-:-.rNECTIONS FOR M EASUREMENT OF CURRENT OR VOLTAGE \VITH 
STANDARD, SENSITIVE, SuPER-SENSITIVE, HIGH-SENSITIVE oR Twi� ELEMENTS. 
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Westinghouse Type PA Universal Oscillograph 

FtG. 2:3-THE CuRRENT UNIT oR THE ELECTRo-MAGNET AssEMBLY 
OF THE SINGLE-PHASE WATT GALVANOMETER REMOVED FROM THE 
DIE-CAST WELL \VITH THE SENSITIVE VIBRATOR TO THE RIGHT. 

Potential Element 

Source 

Calibration 
In order that this galvanometer in­

dicate actual power in watts, it  must be 
calibrated by using a single-phase watt­
meter. Otherwise the sensitivitv in 
current squared per inch (A2) should be 
used, which is  normally taken as the 
product of the field current and the 
voltage element current when de. is 
used, in both the voltage and current 
winding, see Fig. 23-A. 

Operation 
To measure single-phase power, the 

galvanometer can be connected as 

_ Potential Transformer with Ratio P; : Pz 

Source 

Current Transformer 

G, .= ,1 with Ratio C1 :  Cz 
- I  Current Rq. - I Current 

Connection without Transformers Connections with Transformers 
w � 

Calibration should be made with a wattmeter wherever possible, otherwise, the sensitivity of the galvanometer sl1otlld be 
determined accurately and this value may be used to calculate the voltamperes per inch of deflection as follows : 

G = Sensitive vibrator element with sensitivity Sdc (See Fig. 9).  
It = Current in coil of watt well (see description under heading for safe current capacity) . 
lg = Current in potential element which should not exceed safe value (see Figs. 22-B and 18) .  
S w  = Sensitivity of watt galvanometer i n  amperes squared per inch. (see Fig. 9 ) .  

D-C. deflection in  inches = lg
S x I c  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

k d fl . 
. .w h 2 I g x Ir 

. . . . . . . . . . .  (1) 

A-C. peak-to-pea e ectwn m me es --s;-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  (2) 
2 E X It ' 

S (R + R ) where lg = E/(Rs + Rg) . . . . . . . . . .  . 
' w s g (see Fig. 22-B equation 1)  

. . . (3) 

Voltamperes r.m.s. per inch deflection peak-to-peak " Sw (a + b) . = -�r (Rs + Rg) 
2 from F1g. IG . . . .  . . .  (4) 

For Power Factor relations see Fig. 16. 
When using potential transformers as in (b) E and Ir should be corrected for the ratio of transformation. 

FIG. 23-A-St!'-JGLE-PHASE "\VATT GALVANOMETER CoNNECTIONs ANn 1\1ETHODs oF CALIBRATION. Ar.so SEE FIG. 16. 

... "' <l. .so Voo ..... c: {!!! .s 
� � <;j � � 
� i!O 

0 

l 

I I I I I I I I I I I 
I I I I 1 1 1  I I I I 

Frequency-1/esponse Curve !'or the � 
Po/yphase/nstontaneous Watt Element- with 
Constant 0. C.Exitation in the Current Field 

Damping Fluid s• 723978 
Temperature i!0°C 

I I o.s I I I I t.o I I I 
I I I I I I I l I I I 

--

1.5 
2.5 

I I frequency in cycles per second X 1000 

-,.._ 
---P' 

c.o 

FIG. 24�FREQUENCY-RESPONSE CURVE FOR THE POLYPHASE INSTAN­
TANEOUS WATT VIBRATOR FOR A FREQUENCY RANGE OF FROM ZERO TO 
2500 CvcLES PER SECOND, TAKEN BY HoLDING A CoNsTANT D.C. Ex-

en A TION IN THE C URRENT FIELD. 

Frc. 25-THE PoLYPHASE INsTANTANEous WATT GAL\"ANOMETER AS 
IT APPEARS REMOVED FROM THE WELL. 

14 

shown in Fig. 23-A or as shown for the 
half-length potential panel Fig. 4R. 
\Vhen used to measure phase angle, the 
"Angle Control Panel", Fig. 50 is used, 
(also see description under this heading).  

The indications of the single phase 
watt galvanometer in power transmission 
studies can be made to reveal more 
perhaps than any single reading. Fig. 16  
shows an analvsis of  the instantaneous 
watt curve and gives some of the 
indications obtainable from the ampli­
tude of the trace only. The fact that 
these indications are gotten from the 
amplitudes of the curve is important, as 
the measurements are independent of 
film speeds. 

The Polyphase Instantaneous 
Watt Galvanometer 

Description 
This galvanometer, Fig. 25, has two 

electro-magnets assembled in one well 
and these are excited by the line currents. 
A double vibrator element operating in 
the field of these electro-magnets is  
excited by the l ine voltages. The 
current coils can be used directly in the 
line or from current transformer secon­
daries and will carry 5 amperes continu­
ously and up to 15 amperes before 
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saturation of the core begins. However, 
a means must be provided to limit the 
current through the potential or vibrator 
elements, as the resistance of each 
element is but 0.7 of an ohm and the 
safe continuous current is but 300 
milliamperes which is the maximum 
permissible burden of but .063 watt. 
These potential currents are usually 
controlled by the half or full length 
potential control panels. 

In the arrangement of input terminals, 
the "double vibrator" resembles the 
"twin", but the suspension resembles the 
"sensitive" in that it has two separate 
strips. The end of each is soldered to the 
usual terminal studs at the top and the 
other end of each strip is soldered to a 
rocker-arm at the extreme end of the 
frame. The middles of these parallel 
strips are soldered together back of the 
element mirror. One of the single-loop 
potential-elements is from one upper 
terminal post down the strip through 
the soldered joint back of the mirror 
and up the strip to the other upper post, 
and the other single-loop potential 
element is from one rocker-arm up the 
strip, through the soldered joint behind 
the mirror and down the strip to the­
other rocker-arm. The two upper termi­
nal posts and the two rocker-arms are 
each electrically connected to a pair of 
input terminals. The terminals for the 
upper coil are designated U ± and U and 
the lower by L ± and L. Similarly the 
well carries a corresponding notation. 

Corresponding polarity connections 
on the upper coils of both the well and 
vibrator or similarly on the lower coils 
will give a deflection to the right facin� 
the galvanometer. 

Application 

The "double vibrator" gives practi­
cally a flat response to above 1000 
cycles (see Fig. 24) and with the two­
coil well, it gives true instantaneous 
power on one, two or three phase 
systems for all frequencies up to and 
including 1000 cycles. On a three-phase 
system, the hook-up is the conventional 
two-wattmeter connection for a system 
of three wires. For measuring power on 
more than one phase, careful balancing 
must be made, as described in the fol­
owing paragraph. 

Calibration 

Before using the element to record 
polyphase power, it should first be 
balanced on a singe-phase circuit. To 
balance with the use of either the half or 
full length potential panels, connect the 
primaries of the two potential trans­
formers supplying the potentials to the 
elements in parallel and hence, across a 
single-phase 120 volt circuit. Connect 
the current coils of the well in series 
opposition in the same single-phase 
circuit. Energize the galvanometer with 
5 amperes and the transformers with 
120 volts, preferably on a unity power 
factor load. Then by arbitrarily setting 
any value of resistance in one secondary 
potential circuit, select a peak-to-peak 
deflection approximately equal to the 
indication desired for the polyphase 
measurements. �ow adjust the resis-

c A l'IRILJC}e 
SUPPORTS 

CURReNT 
7'RANSFORM£RS 

UPfeR 

CURReN T 
COILS 

t ��--���+-LOVVeR 

Ftc. 26�ScHEMATIC WIRING DIAGRAM OF THE PROPER PoLARITY IN CoNNECTING THE PoLYPHASE 
INSTANTANEOUS WATT GALVANOMETER ON A THREE-PHASE UNGROUNDED SYSTEM. 

. 

tance in the other secondary potential 
circuit until the reflected beam shows no 
deflection and no ripple. When this is 
done, the galvanometer is ready for 
polyphase indication. When using it in 
a balanced polyphase circuit under 
identical power factor conditions as 
used for calibration, the resultant de­
flection will be approximately 86% of 
the peak-to-peak deflection determined 
by the previous setting. However, if 
this deflection is still unsatisfactory any 
new adjustment will require a complete 
rebalancing. After a satisfactory condi­
tion has been established the rheostats 
should not be changed. 
Operation 

The primaries of the potential trans­
formers should be connected in open 
delta or vee, and the connections to the 
current coils should be the same as for 
any ordinary wattmeter. The diagram 
of connections and vector relations are 
then as shown in Figs. 26 and 27. 

The galvanometer may obtain its 
potential supply from terminal posts 
Q-Y' and P-M or U - N  and P-M or 
Q-Y' and U-N of the full length potential 
panel. See wiring diagram, Fig. 26. 

The vector diagram, Fig. 27, corre­
sponds to the polyphase watt circuit 
connection, Fig. 26, or its common two 
watt meter connection. Corresponding 
polarity connections on both vibrator 
and field should give deflection to the 
right. To reverse the deflection of the 
galvanometer beam, reverse the polar­
ities of both the voltage, coils or both 
the current coils. Refer to the wiring 
diagram and the vector diagram, and 
note that to measure watts either one 
potential or one current must be 
reversed. 

If the line currents and voltages are 
perfectly balanced, the element should 
produce a straight line. If a ripple 
appears it may be due to any of the 
following reasons : 

15 

1 .  The polarities of  some of the 
currents or voltages in the element may 
be re':"ersed. This can be checked by 
reversmg the several leads in turn. 

2. The potential elements may be 
connected to react with the wrong cur­
rent coil. This may be checked by inter­
changing the potential leads. 

3. There is always some ripple 
caused bY: in�erference of the upper 
current cml w1th the lower potential coil 
and vice versa. It cannot be eliminated 
within the element because of the 
impossibility of making a perfect mag­
netic shield, and varies between different 
galvanometers because of manufactur­
ing. variations. The amount of ripple 
wh1ch may be expected is shown in the 
oscillogram, Fig. 28. This was taken 
exciting the upper current coil and the 
lower potential element. A similar 
;ipple, with 60 degrees phase difference, 
IS produced by the lower current coil 
and the upper potential element. The 
sum of these two ripples will be the 
total interference ripple. 

This ripple produced by this inter­
ference can be sufficiently suppressed by 
placmg a rheostat m the common pri­
mary lead of the potential transformers 
which goes to the point of the Vee. The 
rheostat, indicated by the dotted l ines, 
F.1g. 26, may be adjusted until the ripple 
d1sappears or 1s a mm1mum. This rheo­
stat will also take care of small unbal­
ances in line voltage and small un­
balances in the element which may not 
have been eliminated in the single phase 
balancing as previously described. 

4. The wave forms of the voltages 
and currents may be non-sinusoidal. 
That is, there may be harmonics present. 
The ripple produced by these harmonics 
cannot be eliminated. 

Tests have shown that the ripples 
produced by interference and unbalance 
can be easily reduced so as to be negli­
gible by the methods outlined above. 

www . 
El

ec
tric

alP
ar

tM
an

ua
ls 

. c
om

 



Westinghouse Type P A Universal Oscillograph 

IW 

L 

A---. ,fV'., 
I O I  1 0 1  

w ..... 

� � 

� (!) 

---<� 
0 

· - -

- - -

<?> 
. - -

- · 

VERTICAL ADJUSTMENT 
BEAM 

I 

.... 

SUPPORT 
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IN THE OSCILLOGRAPH, SHOWING DETAILS, 

vibrator-element and is assembled on 
the regular frame. The ribbon merely 
acts as a suspension and carries no cur­
rent. This little permanent magnet 
hangs with its pole center line at right 
angles to the electro-magnetic field, and 
on the ends of the poles is the regular 
element mirror. The slightest field, set 
up by the electro-magnet, actuates the 
permanent-magnet and deflects light 
beam by tilting of the mirror attached 
to the small magnets. 
Application 

The characteristics of this galvano­
meter are shown in Fig. 9 and Fig. 31-A. 
The field resistance is 20,000 ohms with 
an inductance of approximately 45 hen­
ries. Although the free period in air is 
700 cycles, the inductance does not per­
mit as wide a frequency range as is pos­
sible in other types. The maximum 
continuous field current is .006 amperes. 
The d-e. sensitivity is 75 x 1 0·6 amperes 
per inch deflection. Direct current com. 

ponents greater than 2.5 times the current 
required to deflect one inch or 25 x 7.'5 x 
10·6 amperes should not be used as the 
element becomes unstable, and the 
small magnet is likely to become de­
magnetized. 

Due to the low field strength required 
to operate this element, it is sensitive 
to stray fields and should be used with 
care. For this reason they should not 
be used in adjacent compartments as 
the excitation of a field in one may cause 
motion of the vibrator in the other. It 
is recommended that not more than two 
of these be used to an oscillograph and 
that they be installed in the extreme posi­
tions. For these reasons the same pre­
cautions should be taken when using 
the ultra-sensitive near watt-galvano­
meters. 

The ultra-sensitive finds its greatest 
use in measuring low frequency pheno­
mena as found in geophysical and phy­
siological studies. It is not adaptable 

18 

to high frequency studies because of its 
low period and high inductive field. The 
high resistance field permits it to be used 
directly in amplifier circuits and as the 
field winding coils are separated, they 
may be center tapped for use in push­
pull (amplifier) circuits. These field 
characteristics also permit it to be used 
to explore stray fields of motors, genera­
tors, and instruments. Exploring coils 
of a few turns will often give sufficient 
energy to produce the desired beam 
deflection. 

Damping Fluids and 
Damping 

No hard and fast rule can be made as 
to the fluid for properly damping out 
undue oscillations of the vibrating sys­
t em .  All fluids change their viscosity 
with temperature, and no one viscosity 
is perfect for all oscillograph work. Cer­
tain fluids have very desirable features, 
but, unfortunately, they have undesir-
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able features as well. The fluid should 
be clear and transparent and should 
have no harmful effect on the mirror 
cement, window cement, or frame finish. 

Fluids recommended for use (see Fig. 
9) are satisfactory. These are mineral 
oils of U.S.P. standard and are water­
white in color. 

Any of these fluids may be mixed in 
any desired proportions. The mixing 
should always be clone in a transparent 
vessel and the oil should not be added 
to the galvanometer until perfectly clear. 
Oils in the wells of the galvanometer 
may be added and removed by means 
of an ear syringe. 

Oils such as vegetable and animal 
types are not recommended, as they 
discolor and gum with age. 

Highly volatile solvents used some­
times to thin the oil should be avoided, 
as the oil 's viscosity will continue to 
change clue to evaporation. 

For notes on clamping, see Biblio­
graphy numbers 3, 5, and G. 

GALVANOM ETER 
MAI NTENANCE 

Vibrator Removal 
To remove vertical vibrators from the 

magnet-well, Figs. 8, 32 and 33, first 

unscrew and remove the center mount­
ing screw with its spring washer. Next 
remove the black-insulated adjustment 
pinion, then take the vibrator by the 
terminal post, slightly lift it, at the same 
time slide it back toward the rear of the 
magnet-well about one-quarter inch, 
then withdraw vertically. While with­
drawing the vibrator, make sure not to 
strike delicate element parts on the sides 
of the opening in the magnet-well. Re­
assemble in reverse order. These op­
erations are shown in Fig. 33. 

To remove horizontal vibrators 
Fig. 10 first remove the adjustable 
mirror assembly and pinion. Then re­
move the four recessed screws holding 
the top plate to the well. Break the 
well to top plate seal by inserting a 
screw driver in the small slots adjacent 
to the dowel pins. In order not to 
spring the pins each side should be 
raised alternately a little at a time. A 
sharp knife inserted around the joint 
will help this operation. A little care 
will preserve the joint gasket so it 
may be reused. 

Vibrator and Well Oil Sealing 

Before replacing a vibrator in the 
magnet-well, all traces of oil must be 
removed from the adjacent surfaces of 

the vibrator and well top-plate, by 
wiping with a cloth moistened with 
c.p. carbon tetrachloride. The vibrator 
should be immersed in this solution, and 
before reassembly the vibrator mirror 
should be cleaned with c.p. ether, by 
scraping the mirror surface with a small 
drop on the edge of a razor blade or an 
orange stick. 

The two wiping surfaces of the vertical 
vibrator and top-plate, including the 
top surface of the gasket in the well 
top-plate, should be coated with a thin 
film of damp, strong alkali soap, such as 
"Fels Naphtha". In addition, the cap 
on which the spring washer of the center 
screw rests must be filled with sufficient 
quantity of the damp soap to just permit 
it to ooze out under the spring washer 
when the vibrator screw is fastened 
securely in the well. The screw should 
be inserted through the hole after the 
cap is placed back to make sure no soap 
will be caught on the thread to enter 
the well. Under no circumstances must 
soap be permitted to enter the well. 
After assembly of the vibrator and well, 
and the tightening of the center screw, 
the vibrator should be rotated back 
and forth several times to make sure 
that it has seated properly and that the 
center screw will not become loose from 
its seat under such motion. This type 
of oil seal has proved exceptionally 
effective at temperatures up to 40° Centi­
grade. However, it is not recommended 
to exceed this value. 

All wells have gaskets between the 
well and top plate. In the vertical 
type this gasket separates the well and 
the top plate mounting the magnet. In 
the horizontal type two gaskets are used 
one of the well joint of the top plate, 
the other between the vibrator bridge 
mounting and the top plate. These 
gaskets are all sealed by means of shellac 
or cement S iii 439228 (oil removed from 
wells and surfaces to be joined) and 
dried with heat not over 100°C. until 
the cement is hard. In the horizontal 
type the oil filling screw and oil overflow 

Fa;. 3.:.!-THREE Cur-AWAY VrEws oF TIIE Co:\I PLE fE G.\ L\·A:-.;Q.\IE l'ER SHowt�G DE r.\tLS oF THE �fou:'HI�Gs. 
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Westinghouse Type PA Universal Oscillograph 

cap should be removed and air should 
be blown through the assembly to keep 
the vibrator structure cool. If this is 
not done the vibrator mirror may be­
come uncemented or distorted in posi­
tion. This unit should be kept hori­
zontal during this procedure. 

In performing the above operations 
care must be taken that no oil what­
soever gets on the lens window. The 
lens may be cleaned with c.p. ether, 
using a soft clean cloth. Its appearance 
must be crystal clear. 

Wells-Removal and Adjust­
ment 
Fig. 32 shows the vertical galvanometer 

assembly complete : To remove the 
galvanometer take off the light shield by 
loosening the screws as shown in the 
figure. Remove the screw and one of 
the upper support posts of the vertical 
adjustment as indicated and spread the 
support brackets by inserting a small 
screw-driver first between one leg of 
the bracket and the well side-wall, and 
then the other, and this permits the 
galvanometer to be taken out. This pro­
cess is reversed for reassembly. 

Care should be taken to be sure that 
all play between galvanometer and 
bracket is reduced to a minimum. The 
bracket holes may be swedged to pro­
duce a tight bearing fit and the spring 
tension of the bracket should be suffi­
ciently tight so that any normal motion 
of the galvanometer in service or ad­
justment will always permit the beam 
to return to its normal zero position. 
If this is not the case the play may he 
in the vertical adjustment screw sup­
ports or nuts. Should wear permit this 
condition to exist, swedging of the nuts 
will produce sufficient friction to elimi­
nate that trouble. 

The horizontal galvanometers are 
mounted as a group of three on a sub­
base Fig. 2. To remove the galvano­
meters the four screws holding the sub­
base are taken out and the two screws 
holding each galvanometer to this base 
are removed from the bottom. 

Reassembly is made in the reverse 
order. Care should be taken to note 
that all play in the adjustable mirror 
assembly is a minimum and that the 
mirror is clean and in perfect condition. 

On removing either the vertical or 
horizontal galvanometers care should 
be taken to note that on reassembly the 
mirrors of the vibrator elements line up 
so as to focus in one plane on the 
photographic surface (see notes under 
galvanometer operation page 8 ami 
notes on cementing of mirrors page 22) . 

When damping fluid is changed in the 
well, it should be replaced immediately 
with a similar kind to prevent the forma­
tion of a scum or film on the inside of 
the lens-window. Should a special kind 
of damping fluid such as castor oil be 
put into the well normally filled with 
the standard transparent white oils, a 
complete cleaning of the well and inside 
lens surface is required. This is accom-

plished as follows ; Remove the screws 
holding the top-plate with its magnet 
structure to the well and break the 
shellac seal bv inserting a knife where 
the top-plate- joins the well, Figs. 8, 
10 for the permanent magnet unit, and 
Fig. 23 for the watt units. Wash the 
magnet assembly and well assembly with 
c.p. carbon tetrachloride and allow to 
dry. Care must be taken that no iron 
filings or dirt be allowed to find their way 
into the magnet air gap. If this is the 
case, they may be removed by passing 
the gap through a high temperature blast 
or Bunsen flame for a fraction of a 
second. The magnet must not be per­
mitted to become any hotter than 
100°C. or better still, any hotter than 
can be safely handled by the hand. If no 
flame is available, the gap may be wiped 
clean with a damp cloth or brushed out 
with a stiff tooth brush. 

The lens should be cleaned inside and 
out with c.p. ether, using a soft cloth. 
The final appearance of the lens must 
be crystal clear. Should the lens have 
to be removed, replaced or recemented, 
proceed as follows. Warm the well in 
an oven (not over 100° C.) until the 
cement under the lens becomes soft and 
the lens may be easily removed. To 
reassemble a lens it must be crvstal clear 
and the well should be warm as ex­
plained, be sure the curved side is out­
side. Place a sma!l quantity of shellac 
preferably cement S # 439228 on the 
lens mounting surface, and put the lens 
in position taking care that the cement 
does not spread over the inside lens 
surface. 

The well may be reassembled to the 
magnet structure and top-plate by the 
same process. \\'hen the assembly be­
comes cool, the cement wi l l  form a posi­
tiYe oil-proof seal. 

Should the magnet structure become 
misaligned, it should preferably be re­
turned complete to the factory for ad­
justment. However, the magnet may 
be aligned with a perfect vibrator, when 
the assembly has been removed by mak­
ing equal clearance on either side of the 
ribbon in the air gap. If the magnet 
has become demagnetized, the complete 
unit should be returned to the factory 
for repair. 

Restringing of Standard Sen­
sitive, Twin, Super and High 
Sensitive Elements 
These operations that follow apply 

equally well to all vibrators of the Dud­
dell type, whether of the twin or single 
element type. Figs. 8, 10 show the 
springs which give the proper tension 
to the vibrator ribbons. In restringing 
the vibrator element, the tools required 
are : a small soldering copper, a non­
corrosive soldering flux, solder, heavy 
paper, such as is use::! in a card-index, a 
toothpick, a small bottle of alcohol, 
magnifying glass, lens paper, and a 
sharp penknife or safety razor blade. 

The extremely fine ribbon should be 
handled as little as possible for any small 

20 

kink or bend in the ribbon will impair 
the characteristics of the finished vi­
brator. The finished length of the stand­
ard vibrator ribbon is about 3!/:l inches. 
Approximately 5 inches of ribbon are 
required to properly restring the vi­
brator element. 

With a suitable ribbon length , allow 
one end of it to be weighted by using 
one of the mirror bottles as one free end 
of the wire can be wedged between tl1e 
cork and the glass. The other free end 
is to be S'Jldered and the weight will 
prevent the ribbon from becoming 
tangled while this operation is performed. 

Heat the soldering copper and clamp 
the vibrator horizontally with the pulley 
end towards you. Then remove the 
remains of the silver strips from the 
tinned terminals, located above the 
ivory bridges and below the element 
frame top. Then carefully wedge the 
toothpick, or sliver of wood so as to hold 
the lever in such a position that the 
ivory pulley is at right angles to the ele­
ment frame. Make a small loop in the 
vibrator ribbon at the unweighted end 
and after touching it with the flux, slip 
this loop over the end of the ribbon 
underneath ,  and slightly to the left of 
the center so it will "line up" with the 
left hand slots in the ivory bridges in 
which position the weighted end may 
be made to hold the ribbon under the 
pulley and in the bridge slots. Then 
touch it with the end of the wldering 
copper with enough solder to hold it in 
place. (If the copper is too hot, it will 
anneal the ribbon. )  Draw the ribbon 
over the ivory bridges so that it will lie 
flat in the left-hand slots, then draw it 
around the tiny ivory pulley back over 
the ivory bridges, making it lie flat i n  
the right-hand slots b y  completing a 
half turn about the upper tinned termi­
nal. All slack should be drawn out of 
the ribbon after the ribbon is made to 
lie flat in all four slots. When the ribbon 
lies flat in the slots and between the 
bridges, touch the upper tinned termi'­
nal with the flux and solder the ribbon 
in place (slightly to the right of the 
center and in line with the respective 
slots) . The loose ends of the ribbon may 
be cut off with a razor blade. Remove 
the tension from the ribbon by a slight 
linger pressure on the under side of the 
ivory pulley, then remove the wedge 
from the l ever and allow the ivory pulley 
to be drawn down by the force of the 
spring until the ribbon is under tension. 
If the lever remains approximately hori­
zontal then the tension is sufficiently 
correct provided the initial adjustment 
has not been changed. 

The tension of the ribbon may be 
measured by hanging a known weight 
from a small wire hook placed over the 
pulley arm in line with the spring when 
the vibrator is vertical. \\'hen the ribbon 
just begins to show slack, the weight 
equals the spring tension. The tensions 
are 6 ounces on the standard, 4 ounces 
on the sensitive, and 4 ounces on each 
element of the twin or 8 ounces total on 
the spring. On the high and super-sensi­
tive the tension is .\1 ounce. 
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Westinghouse Type P A Unh'ersal Oscillograph 

Restringing of High­
Frequency Element 

The process previously described for 
ll1e standard elements, etc., apply here 
except that in this case a different ribbon 
alloy is used which has tl1e ends to he 
soldered copper plated. Care should Le 
taken to note that the copper plated 
ends arc of sufficient quality to permit 
a good soldered joint. The normal ten­
sion is () ounces although higher ten­
sions up to !) ounces may be safely usecl 
on this clement. 

R e s t r i n g i n g  of P o l y p h a s e  
I nstantaneous o r  Double 
Vibrator 
In this case the vibrator ribbon is 

handled the same as the sensitive except 
(see description of this vibrator under 
that heading) at the point where the 
wire would normally go over the pulley 
there is a double arm arrangement to 
which the left and right hand ribbons 
are soldered each to their corresponding 
ann or lever. Both these levers must 
be !)0 degrees to the element frame as 
prescribed for the pulley. At the center 
of the bridge span on the back of these 

hHJ parallel ribbons is now soldered a 
small piece of ribbon which mw;t join 
hoth ribbons together at the middle. 
Tl1c tension is -1 ounces. 

Restringing Polyphase Average 
Value or Three Coil Vibrator 

This vibrator has a construction which 
permits the suspension to be repaired 
if broken but not the coils. If the coils 
are defective, the element must be re­
t urned to the factorv. The broken sus­
pension wire may lie removed from its 
shield of aluminum tubing on which the 
;� coils are mounted by loosening the 
small screw directlv behind the center 
of the middle coil. 

·
care should be taken 

not to strip the threads of the screw or 
break the coil connections. In case it is 
desired to disconnect the coils for this 
operation, the coil ends and points of 
contact should be marked as the polari­
ties are very important. 

Soldering operations arc carried out 
as previously described except that in 
this case the lower terminal at the foot 
of the vibrator is the only soldered con­
nection. The upper terminal clamps 
the wire which should be pulled through 

F l r�ST OPE RAT IOI'-J 
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the center hole o f  the vibrator s o  that a 
tension of 2 ounces can be applied before 
clamping the suspension. 

Restringing of Ultra-Sensitive 
Vibrator 

As this element is of very special con­
struction (see Fig. 31)  this should be 
returned to the factory for repair. 

Restringing of Fin Types 
In this case the process is similar ex­

cept that the individual element strips 
must be twisted through U\00 so as to 
lie flat-wise to each other directly under 
the place for the mirror. These element 
strips serve as supporting surfaces for 
the fin which is cemented in place with 
approximately :30% more section in 
front than in back of the center line of 
the assembly. This must be done with 
judgment so that the vane is in perfect 
balance the moment of the forward an<! 
rear sections must be equal. When fin­
ished, the forward edges of the ribbon 
should lie preferably along the edge of 
the cut-out section of the fin. Only a 
very little cement (a small bottle is sup­
plied for cementing on the mirrors) 
should be used to attach the ribbon to 
the fin. 

To Cement Mirror to Vibrator 
Ribbons 
First inspect the mirror to be usecl for 

a clean front surface and unmarred 
silvering. If the front surface appears 
the least dirty, it should be cleaned as 
follows : Place the mirror face clown­
ward on a piece of fine tissue or lens 
paper, which should he on a smooth 
rigid surface, press the finger against 
the silvered surface of tl1e mirror and 
move the mirror back and forth on the 
tissue paper to clean its front surface. 
Be careful to avoid touching the front 
surface of the mirror with the fingers. 
Insert the point of a toothpick on the 
small bottle of cement (supplied as a 
repair part) and coat thinly the outside 
surface of the vibrator ribbons, just 
half-way between the two ivory bridges. 
::\loisten the points of a clean strip of 
paper, and touch it to the mirror edge, 
and then raise the mirror and place it, 
silver side against the ribbons ancl press 
the mirror against the vibrator ribbons 
firmly, also line it up evenly. With the 
sharp edge of a pen knife or razor blade, 
remove any excess shellac and final ly 
dry the shellac by holding the point of 
the soldering-copper about an eighth 
of an inch directly below the mirror ancl 
vibrator strips for about one second. 

This quick-drying process requires 
caution, as the mirror mav be clamaged , 
also, the soldering-copper� must be held 
in such a position that the heat will be 
applied evenly to the shellac and not 
too close, or the shellac may boil out and 
get on the front surface of the mirror. 
If the mirror is still clean, the element 
is ready for service. The viewing surface 
of the mirror can easily be cleaned by 
placing the sharp edge of the razor blade 
in Xylene or better a toothpick in c.p. 
etber and then carefully scraping the 
mirror surface. As it sometimes requires 
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Westinghouse Type P A Universal Oscillograph 

FIG. 34-NO>! INDUCTIVE SHUNT, 20 TO 1000 AMPERES. 

practice to quickly dry the shellac with 
a hot iron, instead the operator may 
choose to leave the element in the open 
air for 1.5 or 20 hours to dry the shellac 
on the mirror. The quick-drying is con­
sidered the superior method, a lthough 
the slow drying gives satisfactory results. 

The completion of the above process 
should show a small but uniform bond 
of shellac around all four edges of the 
mirror. The under surface of the ribbon 
should have scarcely any shellac present 
except at the point directly behind the 
mirror where the ribbons almost touch. 

All vibrators except the ultra-sensi-

tive, polyphase average value and fin 
types follow the preceding instructions. 
In the case of the ultra-sensitive (al­
though it is recommended it be returned 
for repairs) mirrors may be added pro­
vided the small magnets directly behind 
the mirror have not been disturbed in 
any way. The process is similar except 
that the mirror cannot be dried with 
an iron and must be dried in air as has 
been previously explained. 

The polyphase average value is 
normally supplied with three mirrors, 
the two side mirrors being for use in the 
Osiso. When used with the PA oscillo-

OSCILLOGRAPH SHUNT CHARACTERISTICS 

CoN-
** 

MIN. RAT- ** 
MIN. RAT-

TINUOUS VoLTAGE lNG FOR lNG FOR VoLT-AMP. 
RATED RESIST- OUTPUT 400% 1000%* BURDE.:-J OF 

TYPE OF SHU�T CAPACITY ANCE IN AT OVERLOAD OVERLOAD SHUNT AT 
IN OHMS RATED WITHOUT WITHOUT RATED 

AMPERES CURRENT CHG. OPENING CURRE�T 
CALI B. UP 

---�------- --- ------ 1---- 1----- 1·---- 1------

Internal-Part of 
Current Control Panel 
S iii 704222 

Internal-Part of 
Resistance Control Panel 
S iii 820094 

5 

1-5-25 

.05 

.25-.05-.01 

.250 

.250 

1 .25 

.25- 1 .25 
-6.25 

-------------- ----- ----- ---- ----- ----- -----

External-S iii 820154 .5- 1 .0 .50-.25 .250 .125-.250 
-�------- ---- ------- 1----· 1----- ---- ----

External-S iii 491 700 2.5-5.0 . 1 0-.05 .250 .625-1.25 
----------- 1-·----- ----- 1--� ---- ---- ----

External-S iii 81 9940 1 2 .5-25 .02-.01 .250 2 . 1 2-6.25 
------------- ---- ----- -�-- ---- ----- ---

External-Series Parallel 
S iii 492497 
1 Section Series 
5 Sections Series 
5 Sections Parallel 

200 
200 

1000 

.0025*** 

.0125 

.0005 

.5*** 
2 .5 

.so 

* At this value damage to the shunt will occur.-**Rating in rninutes.-***Approx. 

FIG. 34-A 

22 

100 
500 
500 

( exact values l ��e 
sh���f.

ved 

graph, the center mirror need be replaced 
only. This mirror is also dried in air. 

The mirror is placed on the fin type 
so that it rests against the forward edge 
of the cut-out section of the fin or vane. 

In cementing mirrors to all vibrators 
where the element strips carry current 
care should be taken to see that the silver 
surface of the mirror does not act as a 
short to the ribbons. A sudden change 
of sensitivity or element resistance may 
indicate this condition. A thin-pre-coat­
ing of cement before putting on the 
mirror will eliminate this condition. 

OSCILLOGRAPH SHUNTS 

Description 
The shunts used in oscillograph work 

are either external or internal types. 
The latter have been described in con­
nection with the half-length current 
control panel, S iii 704222 and the half­
length resistance control panel, S iil -
820094 both of which have self-contain­
ed shunts. 

Non-inductive shunts of low capacity 
are furnished in continuous ratings from 
Yz to 25 amperes, as listed on page 50. 
Fig. 34 shows a non-inductive high 
capacity shunt for continuous ratings 
from 20 to 1000 amperes. All internal 
shunts and low capacity shunts, will 
stand 1000% overload for one min­
ute without opening up, although they 
will be considerably damaged. The high 
capacity shunt, Fig. 34, will stand 
1000% overload for one-half minute 
without opening up, but will also be 
damaged. All shunts will stand four 
times their rating for one minute with­
out appreciable change in calibration. 

Application 
As the shunts are sufficiently non­

inductive for measurements uswi:lly en­
countered in oscillograph work, they 
may be used over a wide range of fre­
quencies. Studies up to 10,000 cycles 
may be made without difficulty. Their 
heavy capacity for overload permits 
their wide use in the testing of industrial 
equipment such as motors, welders, 
transformers, lighting devices, and cir­
cuit interrupting devices. Fig. 34-A 
shows a tabulated list of all shunts. 

The low-capacity shunts are marked 
for their respective current and resistance 

FIG. 35-D-C. INPUT AND LAMP-CONTROL PANEL 
VIEW OF THE LAMP AND M oTOR SuPPLY PANEL 

FOR TIIE PA OsciLLOGRAPH. 
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Westinghouse Type PA Universal Oscillograph 

/·CONN£CT HANO-SWITOH --
'10 FLASH LAN P TO STAR T  FILN-MO"'IR 

FIG. 3G-A-C. lNPt:T AND MoTOR PANEL Vmw OF THE LAMP AND MoTOR SUPPLY PANEL, STYLE No. 87 7043 CoMPLETE, 

ratings. The large 20-1000 ampere shunt 
S !ll 492447, Fig. 34, is not marked and 
reference to the table Fig. 34-A will have 
to be made. This shunt is made in five 
sections and may be connected in series, 
parallel or any combination of series 
parallel, by tightening the various wing 
nuts for the rating desired. The resist­
ances per section, all five sections in 
series and all five sections in parallel, is 
stamped on the shunt. 

All shunts are designed to withstand 
5000 volts to ground. 

Operation 

To measure current the shunt should 
be connected as shown in Fig. 22-B and 
the circuit should always be calibrated 
with an ammeter. 

Precautions to be followed in the use 
of shunts are discussed under the sub­
ject of measurements of current and 
voltage. 

PANELS 
Lamp and Motor Supply Panel 

s � 877043 
Description 

This panel is  to be used on 120 volts 
a-c. at from 25 to 60 cycles or on 6 to 10 
volts d-e. It contains the control of the 
voltage for the oscillograph lamp and 
means to plug in both viewing and film­
holder motors for either a-c. or battery 
supply. The panel occupies the space 
in the front lower section of the PA 
Universal Oscillograph and is held 
secure by two screws fastened into base 
of the main case. The panel may be seen 
mounted in the oscillograph in Fig. 1 .  
For details see Fig. 35 and 36, and the 
wiring diagram Fig. 37. 

From the figures it may be seen 
that the panel consists mainly of a 
twelve to one reduction transformer 
which supplies the power to the lamp at 
a reduced voltage. The primary circuit 

��· --------�� 

I -

32CP @M4Z04 
M:J /133 

consists of an input receptacle, two 
motor receptacle supply plugs and two 
terminal posts for a hand switch to 
control the filmholder motor. The 
secondary side has the lamp control 
potentiometer with two tap terminals, 
two motor receptacle supply plugs to be 
used for battery motors, and three 
pairs of terminals :  one pair for the 
lamp supply, one pair for the battery 
supply input and the third pair for 
flashing the lamp during the photo­
graphic period. 

Lamp Control for Viewing 

Whenever the transformer is  energized 
on 120 volts a-c., the secondary supplies 
current through the series resistance of 
the potentiometer which gives normal 
voltage to the standard single-filament 
21 candle power automobile lamp 
(Westinghouse Mazda 1 129) . Or when 
using either the 32 c.p. or the .50 c.p. 
lamps (Westinghouse Mazda 1 133 and 
1 183 respectively), set the tap link on 

FIG. 37-WIRIKG DIAGRAM FOR THE LAMP AND MoToR SUPPLY PANEL, STYLE No. 877043. 
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Westinghouse Type P A Universal Oscillograph 

the panel to the screw tap engraved 32 
or 50, then the series resistance is cut 
down to give normal voltages to the 
two lamps respectively. These normal 
voltages, thus obtained, are used for 
continuous duty on the lamps when 
viewing or when adjusting the various 
circuits ancl galvanometer spots. In 
other words, these taps on the potentio­
meter, when user! with the correspond­
ing lamp, give the most efficient operat­
ing light for viewing. 

Lamp Control for Photograph­
ing 

During the short periods of photo­
graphing, a higher voltage is applied to 
the lamp. This increased voltage ap­
plied during photographing depends on 
the speed of the record or the writing 
speed of the galvanometer light beam. 
The maximum writing-speed is the 
maximum lineal travel of the beam path 
on the film per second. The amount of 
voltage applied to the lamp is arbitrary 
for any film speed, but for equal con­
trasting records, it requires more voltage 
the higher the writing speed. The 
exposure time must be taken into con­
sideration to avoid burning out of the 
lamp. The voltage to the lamp during 
the photographic period is controlled by 
the movable point on the potentiometer 
and is set by the dial knob. This mov­
able point on the potentiometer is 
brought out to a set of binding posts 
which are on the opposite side of the 
panel or oscillograph and engraver! 
LAJ\IP SW. These terminal posts must 
he shorted together during the photo­
graphing period to put increased voltage 
on the lamp for that period. This is 
done by a hand switch when using the 
continuous drive filmholders and by an 
automatic switch on the drum film­
holder. (See discussion under film­
holders) . The amount of voltage applied 
to the lamp is controlled by the setting 
of tl1e dial knob. The dial is engraved 
with aruitrary numuers which show the 
relative photographic ability or points 
of equal intrinsic brill iancies for each of 
the three lamps when used with regular 
orthochromatic film. In other words, 
the corresponding figures for each lamp 
indicates the position of the dial knob to 
obtain equal contrasting records for 
each of the various lamps. 

For setting the relative photographic 
quality of the lamp this dial was cali­
brated with 120 volts a-c. input on the 
primary of the transformer or 10 volts 
d-e. battery input. The battery must he 
fully charged or backed up with a 
charger. With either of the above in­
puts applied, the life of the lamp will be 
great enough to photograph for periods 
in the order of minutes for all positions 
of the dial knob for all the lamps except 
when using the !)0 c.p. lamp. When 
using the !)() c.p. lamp, the section 
engraved DANGER gives a voltage to  
the lamp such that i ts  corresponding 
life is of the order of seconds or fractions 
of a second. The dial knob can be 
placed in the DANGER section when 
using the drum filmholder for high­
speer! picl mes only where the lamp is 

flashed for intervals of less than }i 
second. 

Motor and Control 
On the a-c. input panel side are four 

receptacle plugs, two on either side of 
the input receptacle. The two toward 
the rear of the oscillograph engraved 
VIE\VING are used for the viewing 
motor supply and the front two for the 
filmholder motor. The top in either case 
is for 120 volt motors ancl the bottom 
two for 6 volt d-e. motors. In the case 
of the viewing motors the connections 
are made by inserting the motor supply 
cable, in its corresponding outlet. The 
filmholrler motors are controlled by the 
same hand switch which also flashes the 
lamp. To use this hand switch, connect 
a pair of leads of one color to the lamp 
switch terminals and the other colored 
pair to the motor switch terminals. 
When using a battery supply, one 
terminal will be common with the switch 
to which one red and one black lead will 
be connected. If a drum filmholrler is 
used, the lamp switch is operatecl 
through the filmholder mechanism. It 
should be noted that motors wil l  onlv 
run on their designated voltages. ff 
6-10 volts d-e. is used, the 120 volt a-c. 
motors must be replacer! with the 
conect d-e. drive. (See discussion under 
filmholders. )  

Battery I nput 
A battery voltage of either G, S, or 10 

volts may he connected to the panel to 
supply the lamp ami motors. Although 
() volts will give satisfactory results for 
the slower film speeds, ten volts is 
recommended as the lamp resistor dial 
as i t  is calibrated for this input voltage. 

To connect for battery input to the 
motors and lamp, remm·e the link con­
nected across the input terminal posts 
engraved G-10 V. d-e. I N PUT on i11e 
left side of the control panel and connect 
heavy battery leads. These leads should 
be the equivalent or less l han 4 feet of 
# 10 B .  & S. gauge wire or 10 feet of # (i 

B. & S. gauge wire. (Wcstingl10use 

battery cables S # 7247.58 are made for 
this purpose.) The battery should not 
be less than a 100 ampere-hour battery, 
an "Exirle" 12 volt bus or automobile 
battery will do. Almost any "heavy­
duty" automobile battery with either 
two six volts each or one twelve volts 
will meet most test requirements. ln 
using a 12 volt battery, the panel is 
connected across 10 volts only. This 
leaves one cell of the battery not in use. 
If weight is an important feature, bat­
teries with one cell cut-out will be sup­
plied by "The Electric Storage Battcrv 
Company, New York, thus giving a 
10 volt battery. A battery of sufficient 
capacity made up by cntting out one 
cell wil l  weigh about 7!) pounds and the 
above company 's type is known as 
"fi-cell XHR-l:r·. 

Tile battery should be kept ful ly 
charged , or preferably backed by a 
charger ami should be set to give suffi­
cient charge to give a battery output 
voltage of about 10 per cent higher than 
the normal. A standard 1 to (i ampere 
Rectox charger, S i§! ()71!)02 is recom­
mender! for most laboratory oscillograph 
applications, also see notes on page 2R. 

1 15  Volts D-C. 
To operate the oscillograph from 1 1 !)  

volt d-e. source, i t  i s  recommended to 
use a d-c.-a-c. in\·erter-taking the 
alternating current and apply it to the 
panel in the usual way. The regular 120 
volt filmholder or viewing motors will 
operate very satisfactorily from 1 20 
volts-d-e. source but an inverter is 
quite necessary to supply lamp voltage 
efficiently and satisfactorily. It is 
difficult to control the lamp voltage 
with a series resistance. 

The d-c.-a-c. inverter recommended 
is: !)A Frame-S # .5781:J7 for 120 volts 
d-e. It  i s  rated at 250 volt-amperes ou t ­
put at 3600 rpm. 

Hand-Switch 
This switcl1 is a doul ,le circl!il swi tch 

and is used to simultaneonsl v initiate 
LllC filmholder motor and to 0 flash tl1 e 

II �LVANOMETER � II � TING SWITCHEs� 
"' 'TERMINALS FOR "w 

L�OS 

FUSE TO SUIT 

' _J 

F'1c.  :{X-1-L\LF-LE�H;TH Cl7RRE�T .\�D Vm.TA<;E RESIST.-\�TE-Co�TROL PA:"rEL STYLE :\ o .  S:!OO!H, 
WITH GAL\'.-\:"\0:\IETER S\\'ITCJJES OPE� A:-;:n A R Rows SHO\\"J:-.:c; DET.\IL�. 
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Westinghouse Type P A Universal Oscillograph 

l amp to photograph the record. The 
reel leads are connected to one switch 
and the black ones to the other. The 
switch can either be allowed to lock 
itself closed or if the locking button is 
held in, then the film motor will stop 
upon releasing the main push-button. 
The cable that comes with the switch 
has a pair of red leads to one switch and 
a pair of black to the other switch. 

Relay I nitiation 

An external connected relay to this 
panel in place of the "hand-switch" 
may he used to initiate the oscillograph 
hy flashing the lamp and starting the 
film motor. The closing of the relay 
contacts will complete the circuits to the 
panel binding-posts to start the film 
motor and short the lamp resistance. 
The relav should be near the oscillo­
graph and the actuating jJOWer to the 
relay may be either voltage or current 
and be controlled at a remote point, if 
desired. For ordinary work, a relay 
similar to a two-circuit closing type SG 
(S # R:37265) is recommended. 

This relay is for 120 volts .50 or 60 
cycles. For 2.5 cycles 120 volts use relay 
S # s:�726a and 120 volts d-e. use relav 
S # R:37262. These relays are the panel­
mounting type. 

Half-Length Current and 
Voltage Resistance Con­

trol Panel S � 820094 
Description 

This panel shown in Fig. :3/l consists 
of a 5000 and a 50 ohm variable stepped 
resistance use(! for measuring voltage 

SJ..OW DOWN CIRCUIT 
LAMP MAZOA 3.5 

TEST 

0.1!=-.T. o)!=-':il ) FUSE c;., �'T , c�------==s'..!:w•rcHc:; 

��� 
FIG. 3U -\VrRIXG D r.-\GRA:VI FOR THE HALF-LE�GTH CuR REXT A:-:ID 

VoLTAGE RESISTANCE CoNTROL PA:-.l"EL. 

and a multiple current shunt with a 
range of 1, 5 and 25 amperes. It has 
convenient circuit connecting terminal 
posts with large insulated nuts. There 
are double-pole single-throw switches 
for the purpose of completely isolating 
t h e  galvano m e t er f r o m  t h e  i n p u t  
terminals. 

The resistance sections are of negli­
giule inductance to 10,000 cycles per 
second. The reactance of the 5000 ohm 
section gives one per cent increase in 
resistance at 10,000 cycles as compared 
with direct current. Each resistance 
step is held within 2% of the engraved 
value for the 5000 ohm unit and :3 % for 

Frr.. 40-Tl!E AFTo�L\TIC PA�EL, As SEE� FRO)II A FoRTY-FIVE DEGREE 
AXGLE, \''IEWI�G THE D-C. AND RELAY PAXELS. 
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Westinghouse Type P A Universal Oscillograph 

SLJ:>W DOWN FILM 
AFTEP. T 

MOTOP. FIELD AND 
SHORT OUT LINK 

!>HUTTER J. CLUTCH 
LAMP MAZDA 1000 

SWITCH 

EXTERNAL INITIATION 

AC RELAY EXCITATION 

FIG. 41-SAME AS FIG . No. 40 ExcEPT VIEWISG FROM THE OPPOSITE 
SIDE AT THE A-C. A:SD RELAY PANELS. 

the 50 ohm unit. The high and low 
resistance units are tested to withstand 
5000 volts between each other. 

The continuous current-carrying ca­
pacity of any part of the 5000 ohm 
section is .2 amperes which is equivalent 
to 1000 volts with all the resistance in. 
The continuous current-carrying capaci­
ty of the .50 ohm section is %: ampere, 
even though no vibrator elements will 
carry %: ampere without damage. 

The current shunts are designed to 
carry their rating continuously. They 
will withstand ten times normal or 
1000% overload for one minute. (See 
Fig. 34-B.) 

The panel fits into the oscillograph as 
shown in Figs. 1 and 4.  The wiring 
diagram is shown in Fig. :39. 

Application 
Because of the above characteristics, 

this panel was designed for giving voltage 
or current control for the galvanometers 
on alternating or direct current. The 
stepped resistance control provides a 
means of obtaining proportionality of 
deflections by merely comparing the 
values of the steps. 

This panel extends the laboratory range 
of the P A oscillograph by supplying the 
control for the measurement of voltages 
up to 1000 volts and currents up to 25 
amperes continuously. The 1000% 
overload rating for one minute permits 
the current sections to be used during 
the photographic period only where 
normally external shunts would be 
required. The non-inductive feature of 
the voltage control also permits measure­
ments to be made on other than com­
mercial frequencies and particularly 
those found in the radio field, as for 
instance, audio amplifiers. 

Operation 

The galvanometer leads are connected 
to the two small screw terminals 
immediately above either resistor dial. 
The galvanometer to which each resistor 
is connected and its polarities may be 
traced by the colored leads supplied with 
the oscillograph case. In making con­
nections to the galvanometers one must 
be sure the proper fuse for that galvano­
meter is in its corresponding resistor 
control unit. For fuse reference see 
' 'Galvanometer Characteristics Table' ' ,  
Figs. 9 and " Oscillograph Fuse Char­
acteristics",  Fig. 22-A. 

The initial series resistance (see 
wiring diagram Fig. 39) to be used 
should be determined so that the safe 
current-carrying capacity of the ele­
ments is not exceeded. This may be 
obtained from the description under the 
headings of each vibrator element or 
galvanometer. Also see the Beam De­
flection Table, Fig. 18. 

A multiple shunt is assembled in the 
panel and is connected in parallel with 
the 50 ohm step resistor. By changing 
the screw "A" from the hole engraved, 
"Volts" to the hole engraved, "Current" 
on the front of the panel, see Fig. 38, 

CURRENT I N ITIATION-25 CYCLES 

UPPER 
GAP 

INCHES 

. 03 1  

. 050 

. 060 

. 075 

UPPER 
GAP 

I"CHES 

. 01. 5  

. 020 

. o:n 

. 040 

. 0.50 

PERCENT OF 
RATED 

CuRRENT 
CLOSING 

Ra 
102 
1 12 
130 

PERCENT OF 
RATED 

CuRRENT 
DROPOUT 

5.5 
.55 
.55 
5.5 

CURRENT INITIATION-60 CYCLES 

2(\ 

PERCENT OF 
RATED 

CuRRENT 
CLOSING 

60 
()5 
sa 

100 
1 10 

Ftc. 42 

PERCENT OF 
RATED 

CuRRENT 
DROPOUT 

49 
49 
49 
49 
49 

TIME IN 
CYCLES AT 4 
TI!IdES CLOS­
ING CURRENT 

. 24 

. 25 

. 26 

. 27 

TIME IN 
CYCLES AT 4 
TIMES CLOS­
ING CuRRENT 

. 37 

. 40 

. 4:3 

. 45 

. 48 
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and wiring diagram, Fig. :39. The 
capacities of the multiple shunt are 25, 
.'i and 1 amperes which give a 250 milli­
volt drop at the rated current. The 
desired shunt rating is obtained by 
placing screw "B" firmly in one of the 
screw holes provided as the engraved 
capacities indicate on the panel front. 

Automatic Operation 
Panel S fl, 877042 

For the Automatic Oscillograph only 
(Battery Operated) 

Description 

This panel is designed to operate 
on low voltage d-e. and contains the 
control for putting the "PA" Automatic 
Oscillograph into photographic operation 
immediately upon the appe:trance of an 
abnormal condition in a power system 
due to some fault or disturbance. The 
panel occupies the space in the front 
lower section of the oscillograph, see 
Figs. 52 and 54. This panel is held secure 
in the main case by means of two screws 
through the panel and tapped into the 
base of the main case. 

This panel contains two a-c. relays, 
one of 1 ampere and the other 5 ampere 
rating for fault initiation, two d-e. relays 
for control and a thermostatic time 
limiting device for giving a predeter­
mined time of operation after the fault 
has cleared. There is also present the 
current limiting resistor lamp for the 
heat resistor. The galvanometer lamp 
recommended for automatic operation 
is 'If, 1 129, 21 c.p. Westinghouse Mazda 
Lamp. There are various control re­
sistances for setting the motor into 
operation either with or without the 
magnetic clutch. There are terminals 
for connecting external fault relays and 
for the use of a bell alarm . The schema­
tic wiring diagram, Fig. 4:3, illustrates 
these various functions. For a descrip­
tive picture of the automatic panel see 
Figs. 40 and 41 .  

Application and Operation 

The operation sequence of the auto­
matic panel when connected through 
the negative phase-sequence current 
network panel is as follows : Say for 
example, a line-to-grouml fault occurs on 
the transmission line, the one-ampere 
initiating relay closes due to negative 
phase-sequence current from trans­
formers in the transmission line. The 
one-ampere relay in closing its contacts 
shorts out the pre-heat resistance to put 
photographic brilliance on the lamp, 
opens the shutter to admit the galvano­
meter beams to the photographic sur­
face, and closes the clutch which puts 
the photographic surface into motion. 
These three operations follow the 
closing of the initiating relay simultane­
ously, and hence the photographing of 
the faulty electrical quantities is under 
way within the first 60 cycle wave after 
the appearance of the fault. The panel 
will keep the oscillograph in operation 
as long as the unbalanced fault load is 
sufficient to keep the one-ampere relay 
closed on negative phase-sequence cur­
rent. The initiating relay will drop-out 

at about sixty per cent of its minimum 
closing value, but the oscillograph will 
continue to operate for a predetermined 
period which is controlled by a thermo­
static circuit. This continued photo­
graphing period, after the relay drops 
out, is to allow for stabilization of the 
system. The length of this period is 
adjustable to suit the time character­
istic of the power line, or particularly 
the stabilization of synchronous equip­
ment and is adjusted by means of a 
rheostat engraved, "DURATION".  This 
time period ranges from a fraction of a 
second to 10 seconds. 

This duration or period after fault is 
obtained by the closing of two 6 volt d-e. 
holding relays operated from the con­
tacts of the "initiating relays" .  When 
closed, these relay contacts parallel the 
contacts of the initiating relays and 
carry the whole of the operating load 
when the latter drops out. Also, when 
the initiating relay opens, its back con­
tacts close the thermostatic circuit 
which puts battery current through the 
thermostat at a rate predetermined by 
the setting of the "duration" rheostat. 

There is another feature surrounding 
this duration period after fault and that 
is a relay delay circuit to avoid these 
"holding relays" from locking in on the 
many short current surges such as 
switching surges and avoids the use of 
film unnecessarily. This "relay delay 
circuit" is adjustable from immediate 
closure of the "holding relays" to a 
sixth second or more after the closing of 
the "initiating relays". This delay is 
adjusted by means of a rheostat en­
graved, "RELAY DELAY". The rate 
of delay is obtained by controlling the 
rate of current flow through a minia­
ture lamp (Westinghouse Mazda 'If, :35) 
mounted on the battery input side of the 
panel. In other words, the rate of heat­
ing up of the miniature lamp controls 
the potential across one "holding relay" 
and hence controls its closure. (See 
wiring diagram Fig. 4:3.) 

A-C . Panel on Right-Hand 
Side 
Fig. 41 shows the a-c. side of the 

automatic panel. The four terminals 
engraved, "EXTERNAL I NITIAT­
ING" over them and numbered 1, 2, :3, 
and 4, are connected to the closing con­
tacts of the internal initiating relays. 
These terminals are brought out to 
operate the oscillograph from externally 
mounted relays of any desired number 
which must have their closing contacts 
connected in parallel and to these four 
terminals. When closed, the four termi­
nals are shorted together by the relay. 
A link may be placed across posts 1 and 
2 by using only three closing contacts on 
the external relays provided only-6 
volts are used on the motor armature, 
as described below. To operate the 
thermostat properly the link engraved, 
"THERMOSTAT" must be opened and 
a series connection made through a 
contact on every external relay. Two 
terminal posts for "bell alarm" are 
brought out in a position just below the 
external initiating terminals. These 

27 

terminals merely connect the lJell circuit 
to the initiating terminals to act as a 
switch to ring the bell. The bell must 
receive its energy externally or one side 
of the bell may be connected to the (:i 
battery post and the other side connected 
to the right-hand bell terminal (the 
left-hand bell terminal open) and thus 
rim: the bell from the battery source. 

Below the bell alarm terminals are two 
pairs of terminals for the internal initiat­
ing relay coils. These terminals are to be 
connected in the secondaries of the 
initiating circuit current transformers. 
The impedance of the one-ampere relay 
coil is 0.42 ohms when the relay is open, 
and 0.67 ohms when the relay is closed : 
the five-ampere relay coil is 0.01.5 ohms 
open and 0.020 ohms closed. Both 
impedances taken on GO cvcle current 
by the volt-ammeter method at rated 
currents. 

Relay Panel Inside and Front 

The initiating relay contacts can 
be seen projecting from the internal 
panel toward the front of the oscillo­
graph shown in Figs. 40 and 4 1 .  Each 
relay has five stationary contacts mount­
ed on the panel wall, (three front and 
two back contacts.)  Each contact is 
held in position by means of two screws 
tapped into the panel. The vertical 
position of the contact is adjusted by 
loosening these screws and sliding the 
contact up or down. The upper or the 
stationary closing contacts are adjusted 
at the factory to give about a 0.010 of 
an inch bend in the spring of the closing 
contacts of the relay when closed. That 
is, in measuring the gap between the 
contacts, the measurement of the gap of 
the front contacts while the relay is open 
and is about 0.010 of an inch more than 
the measurement of the back contact 
gap, while the relay is closed. The 
contact opening is controlled by adjust­
ing the position of the lower stationary 
contacts only. And this should be th.e 
only adjustment necessary. By the 
adjustment of this contact opening, the 
current required for closing is obtained . 
The two tables, Fig. 42, give the ap­
proximate gap settings to obtain the 
desired closing currents-given in per 
cent of panel engraved currents. 

The contact gap settings can be made 
very small, just enough to open the back 
contacts is all that is necessary to break 
the circuit for there is but 6 volts across 
any of the contacts. It is more practical 
to use smaller contact-gap settings on 
60 cycle initiating than on 25 cycles as 
the drop-out current is smaller on GO 
and the chatter is less. Small gap set­
tings are desirable, as the closing time is 
shortened and hence the overall initiat­
ing time for the oscillograph to be put 
into photographic operation is shortened 
proportionally. The operator must be 
cautioned against moving the laminated 
field poles, for the slightest movement of 
these poles will upset the seating of the 
armature and cause chatter in the relav 
and it may require the return of th�e 
relay to the factory for readjustment. 

To the left of the initiating relay 
contacts are three links and two variable 
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Westinghouse Type P A Universal Oscillograph 

rheostats. The top link, engraved 
"PRE-HEAT", when closed connects 
lamp for photographing in series with 
the pre-heat resistance and across the 
battery to give slightly sub-normal 
voltage across the galvanometer lamp. 
During the photographic period this 
series pre-heat resistance is  shorted 
out by the initiating and holding relays 
and give full voltage across the lamp. 
The lamp used in this manner should be 
replaced about once a month, (read 
discussion-Lamp Assembly under sec­
tion on "Main Case".) to be sure the 
lamp does not burn out and cost the loss 
of a record. Just below the pre-heat link 
is a variable rheostat engraved "SLOW 
DOWN ". This rheostat connects to one 
side of the battery and the other side of 
the rheostat connects through the 
"motor link" when in position No. 1 ,  
and then through motor armature to 
the other side of the battery. As long as 
the initiating relay is closed this "slow 
clown" rheostat is shorted out. But as 
soon as the initiating relay opens, this 
rheostat becomes effective, causing the 
motor to slow clown to a speed as preset 
by the rheostat. The purpose is to con­
serve film for the stabilization period 
after fault for that part of the record. 
The motor link in position No. 1 is used 
only with motors without a magnetic 
clutch. The motor armature stationary, 
the field is excited, at the time of fault, 
the armature field is energized and drives 
the film starting from rest. 

When a magnetic clutch is used the 
"motor link" is placed on position No. 2 
which connects the motor armature 
directly across the battery continually. 
The closing of the initiating relay ener­
gizes the clutch to start the film. The 
"slow clown " rheostat is not brought 
into use when the motor link is on 
position No. 2. The field rheostat will 

adjust the motor speed regardless of the 
position of the motor link and the link 
under the field rheostat merely shorts 
out the field rheostat to assure full field 
on the motor. 

Below the initiating contacts, the 
mounting screw heads for the "d-e. 
holding relays" are shown. The con­
tacts for these relays arc accessible 
through openings in the base directly 
below these mounting screws. The 
relay has a plunger with a silver disk to 
short out the contacts. If the oscillo­
graph is used in a warm sulphur atmos­
phere or in the neighborhood of rubber, 
this silver disk should be polished at 
intervals. The gap settings of these 
relays are adjusted at the factory to 
operate properly when the battery is 
fully charged or backed up by a charger. 
If the battery supply is allowed to get in 
a discharged condition, these relays will 
not close. 

D-C. Panel on Left-Hand Side 

(E) .  On this panel, (See Fig. 40) are 
shown the small relay-delay lamp at the 
top (Westinghouse Mazda * 35) , two 
terminals for the lamp lead connections, 
the "duration" and "relay-delay" re­
sistance adjustments (for description of 
operation see Section under application 
and operation, the shutter lead connec­
tions, push button switch in the center, 
and the batterv lead connections and 
the filmholder "cable extension at the 
bottom. 

The push button switch enables the 
operator to test the outfit. This switch 
closes all circuits and opens the thermo­
static circuit. The switch is closed to 
run off the film-leader in loading the 
film-holder and to inch up the film at 
any time. It also lights the lamp and 
opens the magnetic shutter enabling the 
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operator to observe the galvanometer 
light spots on the calibration window to 
give them their final adjustment. 

Ordinarily, the battery is  connected 
to the plus ( +) terminal and to the 
terminals engraved - () and - 2 - 1 2  
are linked together. The batterv cable 
required should be similar to the one 
supplied in which each lead is equivalent 
to 4 feet of l\;o. 10 B. & S. gaLtge wire o r  
10  feet o f  N o .  6 B. & S .  gauge wire. It 
is recommended to always back the 
battery with a charger delivering a 
charging current sufficient to keep the 
terminal voltage between 6 . . 5 to 6.6 
volts. The battery should be floated 
continuously across the charger which 
can be adjusted to supply current a little 
in excess of the oscillograph drain. The 
terminal voltage should be checked and 
the battery inspected at regular interval s  
o f  about two weeks. The charging cur­
rent should be carefully adjusted so that 
the proper voltage is maintained. 

The storage battery recommended i s  
a standard 6 volt automobile battery 
having a capacity of not less than 100 
ampere-hours. Since the current drain 
for the high-speed oscillograph with 
clutch is  about .5.5 amperes using the 
* 1 129 or 2 1  c.p. galvanometer lamp 

and for the low-speed PA oscillograph 
is 1 ..5  amperes (the latter current is the 
motor field only, while the former 
includes the preheat lamp and the idle 
continuously running motor current) , 
the standard Westinghouse 1 to (i 
ampere Rectox charger S * 971502, trans­
former insulated, is recommended. If 
higher than the 6 ampere drain is  
required, then a charger of  larger 
capacity is necessary. 

If other filtl} speeds other than those 
obtainable from the 6 volt battery, as 
described under the division on film­
holders, the connecting link between 
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WestinKhouse Type PA Um:versal OscilloKraPh 

binding posts - 6 and - 2 - 12 is 
removed . Six volts is connected be­
tween posts plus ( +) and - 6 and an 
extra lead from post - 2 - 12 is  con­
nected to varying points of the regular 
battery plus a similar battery in 
series with it to give 12 volts. This 
extra lead is connected to the 12 volt 
battery hank at any point to give the 
desired film record speed. This film 
speer! is determined by a st0p watch and 
the film length recorder on the holder. 

I nside Rear Panel 

R�!;JI!;:ITANC.E f\O.)U�T MENl'� 

TE2.MIN�LS 
c 

(F) .  To this side of the automatic 
panel are mounted the pre-heat resistor, 
and the magnetic shutter, clutch, and 
double filament lamp, as may be seen in 
Figs. 41 and 40. The pre-heat resistor is 
connected in series with the photographic 
lamp to limit the voltage to the lamp so 
as to increase its life but keeps the lamp 
heated to such a value so that it can 
come to a photographic brilliancy in the 
minimum time required to comply with 
the initiating speed of the rest of the 
apparatus. 

Frc. 4 .)-I:\':TERNAL \Y IRJNG OF THE HALF-LE�caH PosiTI\'E OR XEG.\TIVE PHASE 
SEQVfo::'\CE CCRRE�T NETWORK PANEL. 

This "double-filament" lamp is the 
standanl :J2 c.c. automobile lamp 
(Westinghouse Mazda ill 1000) . This 
lamp is a speed-increasing device. The 
magnetic clutch is connected in series 
with one of the double filaments of the 
lamp and the magnetic shutter in series 
with the other. (See wiring diagram Fig. 
4:l, also see discussion under subjects 
" Magnetic Shutter" anrl "Magnetic 
Clutch") .  The surge current of tl1e 
lamp is ten to fifteen times its normal 
current .  This surge current gives a 
quick snappy closing action to the 
clutch and a similar opening to the 
shutter. The operating current of the 
lamp is sufficiently large to keep both 
the c!Lttch anrl shutter in their operating 
positions. Inasmuch as this lamp has 
the shutter and clutch coils in series with 
i t s  filaments and also since it is in service 

only during the photographic period, 
the life of the lamp will last through 
long periods, perhaps several years. 

Half Length Positive or Nega­
tive Phase-Sequence Current 

Network Panels 

Description 

This panel shown schematically in 
Fig. 44 consists of a phase-sequence 
current network, an arljustable slide­
wire resistance for balancing the network 
and a variable resistance for controlling 
the initiating \'alue of the 1-ampere net­
work relay used with the panel for nega­
tive phase-sequence current initiation. 
I t  fits in the oscillograph under the gal­
vanometer compartment as shown in 
Fig. 4. 

The panel as designed can work only 
on the frequency specified. The 50 cycle 
panel is S ill R77GOR and the impedance 
values are approximately % of those 
for (j() cycles as given under operation. 
The corresponding panel for 25 cycles 
is S ill 1 0963R anrl the impedance values 
are approximately 2.5/60 of those for 
(j() cycles. 

Application 
This panel is connected in scnes with 

the 1-ampere relay in the automatic 
panel to initiate the oscillograpl1 on all 
unbalanced faults on a single feeder, and 
with the ;) ampere relay energized from 
the current from any line of the same 
feeder, the oscillograph is initiate<! into 
photographing activity for any ai l­
normal current either balanced or un­
balanced rlnc to fault or distnri>ancc. 

------------------- N ----------- A" 

NL/TO PANEL ..5"<577042 

------------�AA----- � 

INTEe OT,RN<$£ R & C  ___..-----L,£,40..5 7V REVERSE 
/ SEQUENCE 

' a5C V/8-CRT..:J€ TJ-V/N ...SCNS/TIVE ()e STRNORRD 

HALF L.EN<:;TH POS oe 
NEG SEQUENCE cveRENT 
Nt;Tw.::u: .... PANEL 

-

H,qLF LENt:;TH CURRENT CONTROL PANE!.. S"704222 /""1/YY8E USED TO ME'r:tSvec ,0aS o_.e NE(j SEQUENCE 

CONNECT/01\.' FOE 3 ¢ C:€0UNOCO SY.STCH 
INtTii?T/ON _.qND M£,4SUREM£NT 

oCc.d:!.eENT VRL V'ES 

CONNECTION roe .3¢ uNc;etVNOED SYST_.:"IV7 
£N!TI/JT/O!V I7ND M£/7St/RE/VJENT 

1 . [ N ctwork Resistance 
6° Cyc cs l Xetwork Impedance 

A-B = � _f\_ 
B-C = � _f\_ /ti0° 

��r---+-�--e 
-+-�----4-��- c 

c 

CONNECTION FOE .... �0 t;e::JUNOED 
OR UN::;l?OUND£0 SY'STCJVJ (l"N!Th9T/OV ONLY) 

Fie;. 14-\VIRIN(i DL\GRAMs FOR CoNNEcTJ:-;(; THE "H.\LF-LE�GTH PosiTIYE OR 1\EGATIYE PHASE-SEQL:ENCE CGRRE�T XETWORK PA�EL" To INITI.\TE 
n m  APTO\tATIC OsCI LLOGRAPH o� UxBAL\XCED F.\CLTS AND TO GivE PosiTIVE OR ::-\ ECATT\'E SEQFE"SCE CuRRENT INDICATIONs 

ON THE GALY.\NO:-.tETER. 
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Westinghouse Type P A Universal Oscillograph 

NDTE : Tit\� OIAC<AAM SWI)WS 
A. UNI( COM&\NI!I.TIOH FOR 1"1-!IS CROUP OF G�'t1Mi0-
ME1"ER�- l.INII.� CAl'\! 13E 
CHft."GE.O TO S.lJIT 01"H.E;R 4A.L.Vt..NOMETER �RQOI'IN ... 

'1.1' �!�..NO J O' f>.�E SECOUOI\R;'( WlWOIH<:tQ. 10 � Pr.'  (iJ 
YY' " K; o' " " " " s e' 
Z'Z' • L o' • " C C' 

Q. 

Fa;. 46 - ScHR�1ATIC \VIRINC� DIAGRAM FOR THE "FULL LE:"'l"GTH PoTES'TIAL CoNTROL PANEL" SHOWING THE PA:-\EL LINK PoSITIONS AND THE 
(}.\LYANO�IETER LEAn Co�NECTIO:'\S TO Fn'E ELEMENTS TO INDICATE A SEQlJENCE VoLTAG E ,  THREE LI!'\E VoLTAGES, A:'\D THE VoLTAGES TO THE 

PoLYPHASE I-ssTANTANEocs \\...-ATT GALVA�oMETER. 

Operation 

The network in the panel is adjusted 
for 60 cycle current from the regular 
instrument current transformer. The 
resistance leg of the network is 74 ohm 
and the reactance leg is a 60 degree coil 
of a constant 74 ohm impedance. The 
coil is wound on an open core which 
avoids saturation and keeps the coil 
reactance constant on heavv overloads. 
A 3imilar panel is availabl� for use on 
50 and 25 cycle systems. 

The network is very carefully bal­
anced and can be relied upon for positive 
or negative phase-sequence current 
measurement as well, hy means of the 
galvanometer energized from a shunt. 
The shunt is connected in the output 
circuit of the network and in series with 
the 1-ampcre relay, see Fig. 44 parts .\ . B. aml C. 

NOTE THI5 Oll!l.t;RA.)II '!.� 
A. L!NI::,. COM&lNAi\ON 1'0£ 
iWl� Cli'OVP OF C.A.LVA.NO­
MEH.�- LIN'(.'J, Cllo.W BE 
Cl--tA.Nc;E.O TO S.I.IIT OTH£0:. 
C ALVA.N0M£T££. {;f.OI.IPIN(j 

� 

K X' ANQ JO' �2£ !l£CON0AI2.V WINOif'IG.So TO A A.' 
Y V ' '' ""0' � '' • &8' ZZ' " LO' " " C C' 

Fig. 44 part A shows the schematic 
wiring connections of the network 
panels, the relays in the automatic 
oscillograph and the shunt and gal­
vanometer on a three-phase, three-wire 
ungrounded system. This connection 
will give the initiation and measure­
ment of negative sequence current. 
Fig. 44 part B shows the same apparatus 
connected to a three-phase, four-wire or 
grounded system. This connection 
requires two extra transformers con­
nected cross-wise as shown to balance 
cut zero sequence currents from the 
network and hence the initiating relay 
and galvanometer. It may be desirabie 
to initiate the oscillograph on both 
negative and zero phase-sequence, in 
some instances. In this case, the gal­
vanometer initiation would be of little 
value, see Fig. 44 part C for connections. 

For positive sequence current initia-

t ion or measurement, the same connec­
tions apply except the two network legs 
are interchanged by interchanging the 
leads from A and C lines at the panel. 
In this case, however, a 5-ampere relay 
is required instead of the 1-ampere relay. 

Calibration 

For correct adjustment of the net­
work, noted by the galvanometer deflec­
tion, there will be no deflection on the 
negative phase-sequence c o n n e c t i o n ,  
when the currents i n  all three phases 
are balanced. If the network is out of 
adjustment, i t  can be corrected by care­
fully holding the three-line currents very 
constant, at the same time moving the 
two slide-wire adjustment screws inside 
of the panel, see Fig. 45. First one, then 
the other, may be moved several times 
until the galvanometer gives no detlec-

FIG. 47-\VIRI�G D L\GRA:\r SIMILAR TO FIG. No. 4G ExcEPT Two CHANGES IN LINK Posrno�s AND GALVANOMETER LEAD Co::s-::s-EcnoNs ro THREE 
V01:L\GES A:\D THE THREE VoLTAGES TO A PoLYPHASE A\'ERAGE \YATT GALVA�OMETI<:R. \VIRI�G I:"l"DIC'ATED FOR NuMBER 2 GALVANO:\IETER PosiTION. 
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Westinghouse Type P A Universal Oscillograph 

tion. Care should be taken to note that 
extraneous fields or the presence of large 
quantities of iron or metals can upset 
precise calibrations and sometimes it 
may be necessary to calibrate the net­
work where it is to be applied. 

For further information concerning 
the use of phase-sequence networks for 
metering and relay operating refer to 
Bibliography, No. 8 to 1 3 . 

Full Length Potential Panel 

General 
The "Full Length Potential Control 

Panel",  S ;!! .�()9048 is especiallv designed 
for use with the automatic oscillograph 
on electrical power system study. It 
occupies the full panel space on tl1e 
lower left side of the oscillograph. The 
panel contains a bank of three single 
phase potential transformers which re­
duces the voltage from 120 to O.G volts 
over a frequency range of from 25 to ()0 
cycles per second. The panel can be 
used to control the potential to the gal­
vanometers from the following systems : 
three phase three or four wire, two phase 
three wire, two phase four wire, three 
separate single phases, or any single 
phase. With the link system on the 
panel front, many combinations of con­
nections can be made. Figs. 4fl and 4 7 
show two schematic wiring diagrams 
of the panel with a common connection 
to control the voltage to the galvano­
meters. The front panel view is shown 
in Fig. 43. A detail wiring diagram is 
supplied with the panel. 

Description 
With reference to the above figures 

of this panel, the primaries of each of the 
three potential transformers are con­
nected to the screw-driver terminals 
and links in the center of the panel front. 
The three insulated thumb-nut input 
terminals A, B and C are connected to 
the center panel terminals A, B and C, 
thence to the three transformer primar­
ies. The other side of the primaries are 
connected to the panel center terminals 
A1, B 1 and C1• The ground terminal 0 
is connected to the center scre\v-driver 
terminal 0 of the panel front to allow 
the transformer primaries to be con­
nected in either star or delta for use with 
three phase four wire and three phase 
three wire systems, respectively. By 
properly grouping the primary and 
secondary windings of these transform­
ers, single phase or two phase three and 
four wire systems may be studied. 

To connect a two phase three wire 
system use posts input terminals A, 
B, and 0. The panel links are connected 
A10 and B 10. The third link is open. 
The secondary connections in each case 
are left up to the operator's discretion. 

For two phase four wire systems use 
input terminal posts AO for phase A 
and terminal posts B C for phase B .  The 
panel links are connected A10 and CB1• 
The third link is left open. 

For a single phase connection use 
terminal posts AB and a panel link on 
posts A1B. For three single phase con­
nections one wire of each phase is con-

B�B' 

F r c .  48-SCIIEMATIC "\VIRIXG OF THE HALF-LENt;nr PoTE);"TIAL 
CoNTROL PANEL. 

nectecl to the input terminals .\, B and 
C and the other side of each phase to the 
panel front terminals A', B1, and C1. 
That is, the connections for each of the 
three single phases are AA1, BB1 and 
CC1, respectively, and all the primary 
links are opened. 

Each of the three potential transform­
ers has two secondary windings to supply 
the galvanometers with a voltage of one 
two-hundredth ( 1 /200) of the prim;,ry 
input voltage. The secondaries of the 
transformers are divided into two groups 
of three and are brought out to the panel 
front on either side, being similar in 
position to the primary screw-link termi­
nals. The link can be connected in 
various positions to obtain many volt­
age combinations. The right-hand group 
of secondary winding is lettered XX', 
YY', and ZZ1. The three secondaries are 
each connected to a 100 ohm enclosed 
variable resistance and brought to termi­
nals Pl\1 , NU, and QY1 respectively, to 
connect the galvanometer leads. The 
external leads can be traced to the gal­
vanometers bv the various lead colors. 
The left-hand� group of secondary wind­
ings is lettered ]01, K01, and L01. This 
winding group is connected permanently 
in a star connection with the center 
connection brought out to terminal 01• 
This terminal 01 is also connected to 
the center terminal of the right-hand 
group and to an external thumb termi­
nal 01• The principal function of this 
set of windings is to supply voltage to 
the positive or negative phase-sequence 
network for voltage indication on one 
galvanometer beam. Resistors F and R 
along with the 50 millihenry reactor 
coil, form the voltage phase-sequence 
network. To balance the network, on 
negative sequence A, B, C lines are con­
nected to input posts A, B, C in the 
order written. \"'ith the input voltages 
absolutely balanced, the resistors F and 
R are adjusted to give zero deflection 
on the galvanometer connected across 
posts OS. The 3 ohm resistor 3S is con­
nected across terminals 0 and S which 
is in parallel with the galvanometer 
element to control the be::tm deflection 
after balancing the network. The resistor 
:3S is put in open position or in maximum 
beam deflection position during the 
balancing of the network. 

Thus, either group of secondaries can 
be used so as to control voltage for both 
wattage or voltage indications. Figs. 

:3 1  

46 and 4 7  show some examples of t hcsc 
indications. 

By arranging the flexible l ink connec­
tions the primaries as well as one of tl1e 
secondaries of each of the transformers 
may be connected in anv combination 
of star ancl delta. The other secondaries 
of the three transformers are permanent­
ly connected in star. It is evident from 
the above two wiring diagrams that 
there are many possible connections 
for galvanometers. 

Half-Length Potential Control 
Panel, S '# 569046 

Description 

The "Half-Length Potential Control 
Panel" is especially designed for use 
with the "Automatic Oscillograph" . It 
occupies one-half the length on one side 
of the oscillograph as shown in Fig. 4. 
The panel contains two single-phase 
potential transformers which reduces 
the voltages from 120 to O.G volts 
over a frequency range of from 25 to 
60 cycles per second. A schematic 
wiring of this panel is shown in Fig. 
48. The primaries of the transformer 
are connected across termina1s AA' 
and BB1• Each transformer has two 
secondaries. The secondaries to the 
primary winding AA1 are XX1 and JJ1• For the primary winding of other 
transformer BB',  it is KK1 and the other, 
not shown, is left open. There are also 
five variable resistors and a reactor. The 
two lower resistors (engravecl P.S.) on 
the extreme ends of the panel and the 
reactor form the voltage phase-sequence 
network. The resistor 3S at the top 
center of the panel is connected in 
parallel with the phase-sequence volt­
age galvanometer to control its deflec­
tion. And the middle resistors are con­
nected in series with terminals E 1 and 
E2 for voltage control to two galvano­
meters indicating voltage. 

Application and Operation 

This panel is usecl to control the volt­
age to the galvanometers especially from 
a three-phase system connected either 
open delta or vee. However, it may be 
applied on a single-phase or a two-phase 
system. The control may be for voltage 
ndication, voltage to a single-phase 

watt or the two-coil three-phase watt 
element, a positive or a negative phase-
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TT'estillghouse T�vpc P A U11 i�·ersal Oscillograph 

BINDING POSTS 
FH;.  4-0-FH.o:-;T PA-:-JEL \"'IEW oF THE HALF-LENGTH Ct'RRE-:-;;T CoNTROL PA::'\EL, STYLE 1\o. 70-!222. 

sequence voltage, or it may be all three 
as shown in Fig. 48. 

The one leg of the voltage sequence­
network consists of the 50 millihenry 
reactor and the lower left resistor and 
the other leg of t h e  network consists of 
the lower-right resistor. The standard 
panel is balanced for a sine wave (i() 
cycle voltage. For any other frequency 
rebalancing is necessary. 

The network is balanced similarlv to 
the one in tl1e Full-Length l'ote;1tial 
Panel. The line voltages are connected 
to the panel to give negative-sequence 
rotation. ( N egati ve-sequence is deter­
mined lw reversing the direction of cur­
rent flo\� th rough transformer "\i\.1 anti 
choosing the connection for tl1c smallest 
deflection on galvanometer Ep s ). lt is 
necessary that the inpu t voltages be 
absolutely equal in magni tude. \Vith 
tl1e resistor :3S in t h e  open-circuit posi­
tion, adjust the two P.S. resistors, first 
one then the other several times until 
the minimum deflection on the galvano­

meter is obtained. \Vhen balanced , all 
the fundamental frequency is removed, 
leaving only harmonic frequencies and 
disturbances. Anv unbalance of the in­
put voltage will r{ow be indicated by a 
pronounced negative-sequence voltage 
deflection on the galvanometer. The 
deflection of the galvanometer must he 
controlled hy adjusting the resistance 
of resistor :3S. 

Half-Length Current Control 
Panel, S # 704222 

Description 
This panel, shown in Fig. 4!), consists 

of four 5-ampere current shunts to each 
one of which is connected a 50 ohm 
resistance unit tapped in convenient 
steps to control the beam deflection of 
the galvanometer. The nine point screw 
l i nk tap provides a positive connection 
for fixed calibration. 

The shunts of this panel arc good for 
:"i amperes continuously and will with­
stand ten times this curren t for a period 
of one minute. The shunt resistance is 
0.05 and they have a drop of 250 milli­
volts at t heir rating of 5 amperes. 

The panel fits into the oscillograph 
beneath the galvanometer compartment 
shown in Fig. 4 and the wiring diagram 
is shown in Fig. ·19-i\. 
Application 

The panel i s  designee! to give galvano­
meter control of four independent cur-

rent circuits (three line currents and 
one neutral current.)  

Operation 

The current leads or leads from cur­
rent transformers may be connected 
to tl1e binding posts in the base of the 
panel. The leads to the vibrators are 
taken from the small binding posts at 
the top of the front panel. The galvano­
meters to which the leads go can be 
determined by the colored leads supplieLl 
with the oscillograph case. 

The Half-Length Angle I ndi­
cator Control Panel, S # 584394 
Description 

This panel, wiring F1g. 50, consists 
of three units, two potential units which 
are identical, and one current. The 
potential units consists of a potential 
transformer which supplies th e vibrator 
through a 50 M . H .  inductance and a 
80 ohm variable resistance in series. 
There is also a variable resistance of 
l ow value connected in parallel with the 
vibrator which is used t o  control t h e  
response of the vibrator a n d  also t o  
protect it against excessive currents. 
The current unit also has a step down 
transformer the secondary of wl1 ich has 
a center tap. It i s  designed t o  furnish 
a current of from ;) to 4 amperes to the 
current coils of watt galvanometers. 
Using half the secondary winding-, it will 
supply one coil, and, using the entire 
winding, it will supply two coils in series. 
There is also a series resistance for the 
purpose of controlling- t he magnitude 
of the current. 

Application 
This panel is usually used in conjunc­

tion with one or two "Single Phase Watt 
Galvanometers" for the purpose of indi­
cating angle and changes of angles be­
tween a current and a voltage or two 

I t  may be noted from the schematic 
wiring, Fig. 48, that the link arrange­
ment is made to give t h e  same voltage 
on both sets of terminals E1 and E2• 
This voltage is across two legs of a star 
connection wl1ich is .Y 3 times the 
secondary voltage of one t ransformer. 
Tl1e diagram shows the voltage connec­
tion for a single-phase watt across E ,  
and a voltage connection t o  a permanent 
magnetic element across E2. Phase or 
line voltage indications are obtained by 
connecting : for A voltage on E , ,  place 
the middle links of the panel to XX1• 
And for B voltage on E2 change link 
from screw post OB to BC. FIG. 4H-A-INTERXAL \Vm.IKG o v  T H E  I-I.\LF-LE�GTH CURRE!\'T CoNTROL PA�EL. 
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Weslillglzouse Type PA Universal Oscillograph 

voltages. From this it can be seen that 
it has numerous applications for inch­
eating power factor, changes in angles 
due to load unbalance, changes of angle 
during switching operations, etc. \\'itl1 
the use of pilot wires it can be usee! to 
indicate the shift of angle at distant 
points along a transmission line. 

Operation 
1. Angle between Two Voltages :  In 

this case one potential is connected to 
the center pair of binding posts and the 
other potential to either outside pair 
of posts. The current coil of the Watt 
Galvanometer is connected between 
the studs marked "Coil 3-4A" and the 
voltage coil between the stud marked 
"Vibrator" to correspond to the posts 
to which the primary potential is ap­
plied. At the bottom of the front panel 
the outside links are connected to tl1e 
studs marked "L" and the center link 
to the stud marked " 1 ". 

SHOWN �..S ..SEEN TH£OU�H F�O/V T PRNE.:__ 
Fa;. 00 -l!'\TERNAL \VrRr�G DL\<;R.\M oF TTIR "II.\LF-LE:-.;<;nt A:'\GLE 1 :-.lHC.\TOR Co�TROL P.\NEL". 

vVith the power on, adjust the rheo­
stat marked ":30-R" until the galvano­
meter gives zero displacement, that is, 
until the galvanometer beam oscillates 

symmetrically about its mechanical 
zero. This gives an angle of 90° between 
the currents in the voltage and current 
elements of the galvanometer, See Fig. 

1/ T?le a-.<yk c.4<7-'7''' /rem 0 1� & o/ 
I r-4,.s /' o'"" 
I 

F/.9. r 
/?�?cerci GtY•W By Ins4niu1c'tll/5 ���- t;.rlr<7no;nc'/c'r, 

h.f' ff 
//,c./or £lh7!?,-"'"" o f  

/1/,r fl- - c;,;r/J/d;? OH7.?/t!r; 

£�1{,//q:?"" IH j'"k. pokh/5P/ trl<'mttn./. 
I� Cwr-�n 1- cvrr, n I 
& "' Anj'/e o/' �sp/a'ce-""""'1 

C../> = /'oUtn- /de/or o /' J'd/V. ;5' " A';y cons/dHI Pnj'k 
W � An_?uhr y,/oc//y 

t � 7/»tt? 
d Otslancl' lo d/'!<ff' p ,..z ,l, 
.6 = O;sfunce lo olh"'r p e<7K 

F/-o,., f/EZ-..- UwC-1-(5) + EZ (N tf} , /  ;s SN.t? /#t�f EI 1.> /h• 
,;r,_.p/1/<t/t! o/ /#1!' J.Vdf"C ;n <?a,Jvrp/ ffdht /#e cen/t"r In"' cr 

t:7X15 o/' /h"' W<7rt?. c u  6 .tjEZ ; --;r:-
. :  fiq ds;:>kt:<'-'"f'#l of /,41! Ct?Hil'l- ..:n <! 15 

0'-hc,., I> 
;Z 

b'v/ /,1;� ct/spkce�MI u/ ltft" Ct?/7/4'r ;//7, P'hc IS 
4 - 6 

FIG. ;Jl-}..'fATH E.MATICAL DEVELOP.:\1ENT OF THE DISPLACE:\IE:\'T A;-,r(�LE BETWEEX THE 

Two OR MORE ELECTRICAL QL'Al'\TITIES BEI!'\G fi·lTDIED. 

51. At the same time adju�t the rheo­
stat marked "Vibrator" so that the 
amplitude of vibration is not excessive. 
The amplitude can also be varied using 
the rheostat marked ";li-R". 

The resistor ";)O-R" will give a cl1ange 
in angle of greater than ;mo depending 
on the frequency of the source. By us­
ing different combinations of star ancl 
delta transformer connections, the fiOO 
relation mentioned above can easily 
be obtained. 

As tl1e angle now changes from the 
one at which the panel is set, it can be 
seen that the !)0° relation within the 
galvanometer is destroyed and the gal­
vanometer beam will he displaced from 
the zero position, that is, it will indicate 
power. This power is proportional to 
the sine of the angle of displacement. 
1f  the deflection is in one direction, it 
indicates the angle is larger, if in the 
other, it indicates the angle is smaller. 

\V'hen a fin type galvanometer is used, 
the record is a line, that is, it is not a 
wave. The displacement of this line 
from the zero position is proportional 
to the sine of the displaced angle. In 
order to read angles directly using this 
type galvanometer, it is necessary that 
the combination be calibrated. 

\V'hen an instantaneous type galvano­
meter is used the record is a wave of 
double frequency. The displacement of 
the center line, or axis, of this wave is  
again, as above, proportional to the 
sine of the angle. However, the angle 
can be determined in another manner 
which is independent of the amplitude 
of vibration or amount of displacement 
and hence no calibration is required. If 
the distance from the zero line to one 
peak is "a" and to the other peak i� 
"b", tbcn, 

a -- -- ] , 
Sine e 

a + h  
wllere e is the angle of change between 
the two voltages, as developed in Fig. 51 .  

If  it is desired to  determine the 
changes of each angle between two volt­
ages with respect to another, (knowing 
two angles between two voltages to a 
three phase system, the third angle of 
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Westinghouse Type P A Universal Oscillograph 

PA�EL 

,\utomatic 
Panel 

Lamp and 
:\ lotor Supply 

• Panel 

Half or 
Full Length 
Pot. Panels 

PANEL BURDENS 

PA�EL PART 

,\-C. Relays 
1 Amp. 

.') Amp. 

Transformer : 
Open Cir. 

Full Load 

Each Trans. : 
Open Cir. 

Loaded 

APPROX. BFRDES 
(VOLT-AMPS.) 

Open 
. 42 

. 3g 

::1 . 6  VA 

Closed 
. 67 @ 1A. 

5A . 

@120 v. 
60 Cyc. 

75 0 VA loaded continuous 

0 . 28 VA 
@ 120 v. 

60 Cyc. 

See Galvanometer Burdens 
------- ------- : -----

Circuit Bur . :  
60 C .  Panel 

Negative Seq. Conn . :  
Network 
Panel for 
Initiation 

50 C. Panel 

6 �VA @.5A. Bal. Ld. per leg 
1272 Total. 

5� VA @ .5A. Bal. Ld. 

FIG. 52-FILMHOLDERS FOR ;j OR 10 FEET OF FILM OR SENSITIZED­
PAPER-ONE WITH THE MAGNETIC CLUTCH MOUNTED ON THE AUTO­
MATIC OsCILLOGRAPH AND THE OTHER SHOWN UNMOUNTED WITHOUT 

MAGNETIC CLUTCH. 

Fie.  51 -A-Vor:r-A:\!PERE BURDENS FOR CONTROL PANELS. 

course is evident) t he third potential 
is connected to the remaining potential 
unit. A second galvanometer is con­
nected as explained before with its cur­
rent coil in series with the current coil 
of the first galvanometer. The center 
link on the panel must then be changed 
to posit ion "2". The unit is then bal­
anced and operated as before. 

2. Angle Between a Current and a 
Voltage (Power Factor) : In this case 
the potential is connected to either out­
side pair of binding posts and current, 
if it does not exceed 5 amperes, is con­
nected directly to the studs marked 
"Coil ::I-4A".  If the current exceeds 5 
amperes suitable shunts or current 
transformers must be arranged. The 
outside links are connected as before, 
but the center link is left open. 

\Vith the power on, and a unity power 
factor load, the rheostat "30-R " is again 
adjusted until the galvanometer gives 
zero displacement. This again gives the 
goo relation between the currents in 
the galvanometer. 

As the power factor now changes from 
unity, the goo relation is destroyed and 
the galvanometer beam will be dis­
placed proportionally to the sine of the 
power factor angle. The angl e can be 
determined from the records as before. 

The change in angle between two 
voltages with respect to a current can 
also be determined. In this case the 
second potential is connected to the 
remaining potential unit. A second 
galvanometer is connected as before 
with its current coil connected in series 
with the current coil of the first galvano­
meter. The unit is then balanced at 
unity power factor after which it is ready 
for operation. 

It is not necessary to balance the 
panel at unity power factor if only a 
record of the change in power factor is 
wanted. In this case the panel is bal­
anced at the normal power factor of the 
line on which it is to be used. Then, in 
operation, it will give the variation from 
the normal power factor. 

PHOTOGRAPHIC 
ATTACHMENTS 

Filmholder for 10 Feet of 
Sensitized Paper or Film 

Description 

Several views of this filmholder are 
shown in Figs. 52 and .5:3. This film­
holder, which is daylight loading, was 
designe1 primarily to be used with the 
"PA" line of oscillograph to use sensi­
tized-paper or film 5 inches wide and 
in lengths up to 10 feet. A used film in­
dicator is built into the holder. The film 
indicator gives the exposed film to the 
nearest 5 inches, that is, the indicator 
moves up every 5 inches or once for 
every revolution of the main drum. 
This film indicator dial may be set to 
zero by pressing the finger on the rim of 
the dial wheel and turning it. 

The filmholder is driven by an in­
tegrally mounted motor either direct­
drive or through a magnetic clutch. This 
motor is mounted on a bracket and gear 
assembly which in turn is mounted on 
the camera housing and held secure, 
screwed, at three points. With this mo­
tor, bracket and gear assembly removed, 
the camera housing assembly can be 
used by driving the main drum with an 
externally mounted motor through a 
belt and pulley. The integrally mount­
ed motor is  of two types, one the wide­
range, adjustable speed, Lee governor 
type for use on 120 volts a-c. - d-e. or 
6 volt battery supply. The other is the 
regular 6-volt d-e. shunt motor. The 
speed of the governor motor is  controlled 
by turning the thumb knob opposite the 
drive end of the motor. The shunt mo­
tor has its speed adjusted by changing 
the field or armature voltage by a rheo­
stat or by changing the field or armature 
leads at the battery terminals, see table 
Fig. 52-A. 

FIG. 53�FfLMHOLDER FOR 5 OR 10 FEET OF FILM OR SENSITIZED-PAPER, 
Snowi�G THE CovER OR MouNTI�t; PLATE ANn A VIEw oF THE RoLLERs 

ANU INSERTED SPOOLS FOR PROPER LO.\UING. 

34 
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Westinghouse Type P A Universal Oscillograph 

10 FT. FILMHOLDER FILMSPEEDS 
FOR VARIOUS BATTERY CON­
NECTIONS WITH 6 VOLT SHUNT 

APPROX. FILI\1 
SPEEDS* 

� ft. /sec. 
% ft./sec. 

1 ft./sec. 
1� ft./sec. 
1 Yz  ft. /sec. 
2 ft./sec. 

MOTOR 

ARMATLRE 
VoLTs** 

2 . 2  
4 . 4  
G . ti 
(i (i 
R . 8  

1 1 . 0  

l\{oTOR FLn. 
VoLTs** 

G .  (i 
(i (j 
6 .  () 
4 .  4t 
() (i 
6 .  t\ 

>�·Ftlmspeeds are for the low-gear ratio-the 
high ratio will give Yz the above values. 

**Voltages arc 10% higher than the regular 
battery taps. 

tA charger is recommended to hold the voltage 
to ().6 volts, which value is required with the 
automatic panel ; therefore, a motor-field rheo­
stat must be used to obtain the 4.4 volts. 

FIG. 52-A-BATTERY CoN�EcnoNs ro GivE THE 
APPROXIMATE FIL�1SPEEDS WITH THE 6 VOLT 
SHU�T MOTOR USED FOR AUTOMATIC 0PERA­
T[QN. FoR DIFFERENT SPEEDS BETWEE:"J THE 
GIYEN PoiNTS, A 1\10TOR-FIELD RHEOSTAT 1\1UST 

BE USED. 

SENSITIZED PAPER AND FILM 
FOR 10 FT. HOLDER 

FILM STYLE t PAPER STYLEt 
LENGTH ;) IN. \VIDE f) IN. \VIDE 

---- ------ ------

2Yz ft. 
!) ft. 

10 ft. 
1.5 ft. *  

930648 
921899 
682184 
819650 

*Dark room loadmg. 
tEmpty spool S � 8! 9660. 

721347 
72134R 

FIG. ;:)2-B - THE ABOVE TAHLE SHOWS THE 
R ECOMMENDED STYLES OF SENSITIZED-PAPER AND 

FILM FOR THE 10 F f. HOLDER. 

Application and Operation 
The regular shunt motor with or with­

out the magnetic clutch is generally 
used for automatic power application. 
With the battery voltage (which is ap­
proximately 6.() volts when backed by 
charger) applied to both the field and 
armature the motor speed and gear ratio 
are such as to give approximately one 
foot per second of the recording paper. 

10 FT. FILMHOLDER FILMSPEEDS USING THE 
GOVERNOR TYPE MOTORS 

APPROX. FIL:\1 
SPEEDs* 

}�� ft. /sec. 
2 �2 ft./sec. 

Yz ft./sec. 
2Yz ft ./sec. 

MOTOR 
VoLTAGE 

fi G V. D-C. t 
t\ G V. D-C. t 
1 l.'i V. A-C. 
1 1.5 V. A-C. 

:,{OTOR 
STYLE 

R77070 
R77070 
8770(19 
87700\) 

** 
GOVERNOR 

SETTING 

:\"fin. 
f)/10 Full 

l\I in. 
\1(10 Full 

*Film speeds arc for the low gear ratio-the high ratio will give Y2 the above value:;. 
**The governor may be set for any value between the full and minimum settings. 

:J:This value may be increased to 10 volts for short intervals to obtain higher torque outputs. 

Frr. . .'}:-3-A-MAxnruM Al'\o 1\.1r:-:rrMUM FIL:\tSPEEos RECOMMExnEn WHEN UsiNG THE LEE-TYPE 
GovERNOR MoToRs. 

This speed may be reduced to half or 
one-half foot per second by turning the 
gear, which is driven by the motor pin­
ion, upside down, and remounting it to 
give a larger speed reduction. This gear 
is removed by unscrewing the bearing 
shaft and turning it counter-clockwise, 
or the speeds may be doubled by putting 
6.() volts on the field and 1 1 .0 volts on 
the armature, see table Fig. 52-A. Any 
film-speeds between the various battery 
taps are obtainable by a motor field 
rheostat such as supplied in the auto­
matic panel. 

With this motor on the filmholder one 
of the major applications is in the field of 
automatic recording of faults, particu­
larly in the field of power transmission 
system analysis where the oscillograph is 
left unattended for long periods. With 
the use of the magnetic clutch the start­
ing time is that of the closing of the mag­
netic clutch, which runs from 1/10 to YB 
of a 60 cycle wave (0.0028 to .0015 
seconds) depending on the gap setting- of 
the clutch. 

A wide application of this filmholder 
has been found in the laboratory and in­
dustrial field. For this purpose, the ad­
justable speed governor motors are used, 
without the mag-netic clutch. Film speeds 
from approximately one quarter foot per 
second up to 2!/:2 feet per second are 
obtainable using this type of integrally 
mounted motor, see Fig. 53-A. 

Where it is desirable to use higher 
film speeds than those obtained with the 
integrally mounted motor, a belt and 
pulley drive may be used as shown in 
Fig . .53-B. Film speeds up to 15 feet per 
second may be obtained, which represents 
the maximum safe speed at which the 
filmholder may be used. The integrally 
mounted motor and gear housing are 
removed from the filmholder, and a pul­
ley is attached to the main drum shaft. 
A governor type motor is supplied with 
three stepped pulleys to drive the drum 
filmholder. Changes in pulley ratio are 
obtained at the motor pulleys, and the 
belt is kept taut by moving the motor 
and pulley unit as necessary. The gover­
nor motor has a speed range from ap­
proximately one-fifth speed to full speed. 
The table in Fig. 53-C shows the range 
of speeds that may be obtained with 
each pulley ratio. 

Where it is desirable to use pulley 
drive and have low film speeds another 
pulley attachment S iii 492.50.5 may he 
obtained. 

10 FT. FILMHOLDER FILMSPEEDS 
USING THE GOVERNOR TYPE 

MOTOR AND PULLEY WITH 
BELT DRIVE 

APPROX. FILM SPEEDS 

1 .5 ft. /sec.- 7 ft./sec. 
3.0 ft./sec.-15 ft./sec. 
0.0 ft./sec.--30 ft. /sec.* 

PULLEY RATIO 

Low 
.1\Iedium 

High 

*}..1aximum safe spee(l is LJ ft./sE'c. 

F IG. 53-C 

Loading the Film 

To load or reload the film in the 10 
foot holder, the cover may be left on the 
oscillograph. 

1 .  Start by releasing the spring- clip 
at the top of the holder and remove the 
holder from the oscillograph by leaving 
the cover plate on the front panel of the 
oscillograph. 

2. Insert a spindle or pivot (t\ sup­
plied) in each end of the new film spool. 

3. Break the seal on the new film 
spool and unroll about three inches. 

Frr.. S3-B-FIL\THOLDER FOR S oR 10 FEET oF FILM OR SE�SITIZED PAPFR 
WITH B E LT AND PLTLLEY DRIYE FOR Hrcn r:R Fr LJ\1 SPE I·:ns. 

4. Remove the empty spool S iii 819-
(j60 and place the new spool in the slots 
at the top of the holder and press the 
spool flanges against the retarding spring-s 
until the pivots slide clown the lateral 
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Westinghouse Type P A Universal Oscillograph 

200 FT. FILMHOLDER FILMSPEEDS 
FOR VARIOUS BATTERY CONNEC­

TIONS WITH MOTOR STYLE 
NO. 773274 

APPROX. FILM 
SPEEDS 

ARMATURE 
VoLTs* 

MOTOR FLD. 
VoLTs*� 

------- ----- ------

% ft./sec. 
%; ft./sec. 

1 �  ft./sec. 
2 .  0 ft./sec. 

2 . 2  
4 . 4  
6 . 6  
8 . 8  

fi. 6 
G . () 
6 . 6  
6 . 6  

*Voltages are 10% h1gher than the regular 
battery taps. 

+A charger is recommended to hold the volt­
age to 6.6 volts, which value is required with the 
automatic panel. Intermediate speeds may be 
obtained with the field rheostat of the automatic 
operating panel. 

FIG. 5.5-A-BATTERY CoNNECTIONS TO GIVE 
THE APPROXIMATE FII.MSPEEDS WITH THE 6 VOLT 
SHUNT MoToR STYLE No. 773274 UsEo FOR 

AUTOMATIC OPERATION 

grooves to bring the fullness of the spool 
to lie against the main rubber driving 
rolls, in such a position so that the 
leader comes out between the driving 
roll and the film spool. 

5. Take the empty spool previously 
taken out with the pivots still in and 
introduce the leader into the wide side 
of the slot in the wood core. 

6. Wind one turn of the leader 
around the empty spool in a direction 
to leave the red side out. 

7. Place this reroll spool in the slots 
below the main rubber drive roll so that 
it is clamped between the two lower 
drive rolls, being sure that the rubber 
belts are underneath and drive on the 
pivots of the reroll. (See Fig. 53) . 
Loaded thus, the black side of the leader 
will show over the top of the main drum 
drive. 

8. Place the holder back on the cover 
plate and clamp the spring-clip. 

9. By the hand knob on the main 
drum shaft give the main drum 2 �� 
turns for commercial ("Kodak" iii 104) 
film and 3 turns for the Westinghouse 
film to advance the film to the writing 
plane. 

200 FT. FILMHOLDER FILMSPEEDS USING THE 
GOVERNOR TYPE MOTORS 

APPROX. FILM 
SPEEDS* 

,Y2 ft . /sec. 
2 .  0 ft. /sec.* Y2 ft./sec. 
2 .  0 ft. /sec. *  

MoTOR 
VoLTAGE 

6 . 6  V. D-C. t 
6 . 6  V. D-C. t  
1 1.5 V .  A-C. 
1 15 V. A-C. 

MoToR 
STYLE 

877 070 
877 070 
877 069 
877 069 

GOVERNOR 
SETTING** 

Min. %; Full 
Min. 

% Full 

Geanng for speed range 1 "/sec. to 5",'sec. furmshed on request. 
*Speeds in excess of this value are not recr:Jmmended. 

**The governor may be set for any value between the full and minimum settings. 
tThis value may be increased to 10 volts for short intervals to obtain higher torque outputs. 

FIG. 55-B-MAXDIC'M AND MINL\1UM FILMSPEEDS RECOMME:-.l"DED WHEN UsiNG THE LEE-TYPE 
GovERNOR :r...foToRs. 

10. Set the used film indicator on 
zero and the holder is ready for use. 

Filmholder for 200 Feet of 
Sensitized Paper or Film 

Description 

This filmholder, shown in Figs. 54, 
55, and 5(), is daylight loading and was 
designed for use with the "PA" line of 
oscillographs. It takes either sensitized 
paper or film 5 inches wide and any 
length up to 200 feet, see Fig . . 55-C. It 
is so arranged to expose any length of 
either paper or film up to and including 
the full 200 feet. The exposed paper is 
fed into a separate lower magazine where 
at any time it may be cut off and re­
moved for development without dis­
turbing the unexposed portion. The 

SENSITIZED PAPER AND FILM 
FOR 200 FT. HOLDER 

LENGTH 

200 ft. 

Frur STYLE� PAPER STYLE� 
5 IN. \VIDE 5 IN. \VIDE 

821691 821694 

�Empty spool S 11 820870. 

FIG. 56-C-THE ABOVE TABLE SHOWS TilE 
RECOMMENDED STYLES OF SENSITIZED-PAPER 

AND FILM FOR THE 200 FooT HoLDER. 

holder is equipped with an exposure 
indicator to indicate the length of paper 
or film used. The indicator measures 
the film length to the nearest foot. Also, 
an extra lower magazine is supplied, 
which enables the oscillograph operator 
to continue taking records while the 
other magazine is sent to the dark room 
for development of the previous record. 

An automatic OPERATION INDICA­
TOR, shown in Fig. 54, may be obtained 
which will automatically total up the 
number of exposures on the film. This 
attachment is particularly useful in 
automatic power application where it 
provides the number of operations or 
fault recordings during any time interval. 
The automatic operation indicator, when 
used in conjunction with the automatic 
operation panel S iii 877042, has one 
terminal tied to ground (minus 6 volts) 
through the frame of the film holder. 
The other terminal is connected to the 
second external initiating terminal of the 
automatic operation panel as shown in 
Fig. 41 .  

Automatic operation indicators for 
Laboratory applications may be obtained 
for either 1 15 volts A-C. or 6 volts D-C. 
These indicators are used with the film 
holder in conjunction with the Lamp 
Control Panel S iii 877043, see Fig. 36. 

The operation indicator is plugged 
into the proper outlet A-C or D-C re­
ceptacle Fig. 36, depending upon the 

FIG. 54�FILMHOLDER FOR 200 FEET OF PAPER OR FILM SHO\VN 
MOUNTED ON A PA AUTO:IIATIC OSCILLOGRAPH. 

FIG. 5;j-REAR VIE\V OF FILMHOLDER FOR 200 FEET OF PAPER OR F£LM \\Trii 
MouNTING CovER REMOVED Snowi"G THE Io;TERNAL RoLLERs, 
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source of supply. The indicator will 
register each time an exposure of the 
film is made. 

The filmholder is driven bv either an 
integrally mounted motor direct worm 
drive or ·by a separately obtained pulley 
drive in which case the filmholder is 
driven by an externally mounted motor. 
The integrally mounted motor may be 
of the wide adjustable speed range Lee 
governor controlled motor for either 
120 volts ac.-dc. or 6 volt battery 
supply, or the regular () volt ac. shunt 
motor which has its speed adjusted by 
a motor field rheostat, or by varying 
the voltage by means of battery taps, 
see Fig. 55-A. When applied to auto­
matic operating, the rheostat in that 
panel may be used. 

Application and Operation 
The regular shunt motor, with or 

without the magnetic clutch, is generally 
used for automatic applications. With 
6.6 volts applied to both the field and 
armature, the motor speed and gear 
ratios are such as to give approximately 
one and a quarter feet per second of the 
recording surface. One of its major ap­
plications is in the field of automatic 
fault recording, particularly in the field 
of power system analysis where the os­
cillograph is left unattended for long 
periods. With the use of the magnetic 
clutch, the starting time of the record­
ing paper is not more than }i of a 60 
cycle wave, or a time of approximately 
0.004 of a second. The starting is within 
a >4 of a 60 cycle wave and the record­
ing paper is up to a uniform speed within 
the first cycle after starting. This quick 
starting is obtained by means of a float­
ing or an oscillating arm which holds 

FrG. 50-FRONT Vmw OF FrL:MIIOLDER FOR 200 FEET OF PAPER OF F ILM WITH 
11AGAZINE CovERS RE:\IOVEO SaoWIN(; THE SuPPLY AND REROLL SpooLs. 

ROLL-

CJ.IUTE 

a loop of film that can be readily accel­
erate<! while the rest of the film roll is 
being brought up to speed. This quick 
starting loop is accelerated into action 
by the magnetic clutch revolving on the 
continuous running motor shaft. This 
motor and clutch is shown assembled 
on the filmholder, Fig . •  55. As this motor 
runs or idles at practically no load, other 
than the friction losses, its life is of the 
order of several years of continuous 
running. 

A wide field is also found in the ex­
perimental laboratory where long and 
comparatively slow film speeds are re­
quired. Usually for this purpose th e 

FULL ROLL 

EMPTY :>POOL 

( (±) ) 

\ / � -----/ 
SCJ.I E M ATIC D I AGRAM 

Frc. 37-ScHEMATIC DIAGRA:\I OF THE F rLMIIOLnER FOR PAPER OR FILM IN LE�GTIIS ur To 200 FEET .. 
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adjustable speed governor motors are 
used without the magnetic clutch. Film 
speeds from .3 to 2.0 feet per second can 
be obtained, see Fig. 55-B. A pulley 
and belt drive from an external motor 
shown in Fig. 55 can be obtained as a 
separate drive. The filmholder can be 
successfully used for film speeds from 
less than one inch to twenty-four inches 
per second, see Fig. 55-A. When using 
the pulley and belt drive, several os­
cillographs can be run in parallel and 
the several filmholders can be connected 
tandem mechanically through a common 
coupling shaft driven by one motor and 
the one belt, see Fig. 57-A. This insures 
a uniform speed for all records. In such 
a set-up the light sources for all the 
oscillographs are connected to the same 
source or control. One element in each 
oscillograph should be connected to 
record the same phenomena so as to tie 
the records together. 

A list of the film and paper used is 
shown in Fig. 55-C. 

Loading Instructions for 200 
Ft. Filmholder 

When following the instructions for 
loading this filmholder, the side with the 
gear housing and spring belt will be 
known as the left side. The part that 
fits on to the oscillograph will be known 
as the back. (See Figs. 54, 55, 56, 57 for 
reference.) 

To load with a new roll of paper, the 
following procedure is recommended : 

1 .  Dismount the complete filmholder 
from the oscillograph. 

2. Take mounting plate off by re­
moving the two knurled thumb screws. 

3. Remove two covers on front by 
unscrewing the four knurled thumb 
screws. 

4. Pull the bearing pivots out to the 
stop position on both upper and lower 
magazine. 

5. Break the seal on the film roll 
and unwind about 8 inches of the red 
and black leader. Push the leader 
through the slot and under roll A, Fig 
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.57 ,  being sure the black side of leader is 
against the roll. Insert roll into maga­
zine, and-push the bearing pivots into 
the holes-in the center of the roll. 

6. RerJlace cover on magazine. 

OOC U.LOORAPH #1 OSCILLOORAPH 1/2 

DRIVING MWOR FOR FILM 
HOLDJ'll FOR LABORATORY 

USE 

7. Turn the holder around so that 
you face mounting side and put the 
paper leader over roll B, as shown in 
Diagram, between rolls C and D and 
between rolls D and E.  Same care 
should he taken to have the paper 
straight before putting it between rolls 
D and E, which will drive it into the 
chute. Be sure the knife handle on the 
right side of the lower magazine is in the 
up position. Attach the extension plug 
and press the film motor switch button 
momentarily or long enough to get the 
end of the paper leader into the receiv­
ing magazine. Reach into the lower 
or receiving magazine and pull the paper 
through about six inches, making sure 
the paper is tight on the rubber roll D. 

Frc. 5 7-A-Co"NECTING Frr.M HoLDERS r" TANOE\I. 

8. Replace the back plate. 
9. Insert the empty spool in the 

same manner as the full roll of film, ex­
cept that the pin in drive bearing pivot 
goes into the slot in one end of the empty 
spool. 

10. Clamp the end of leader with C 
spring clamp and wind on about two 
turns. Be sure that the rotation is top 
coming. In other words, the black side 
of the leader should be against the wood 
core of the spool. 

1 1 .  Replace magazine cover. 
12. Advance enough film so that the 

sensitized paper may be seen through 
the slot in the back plate. 

1:3. Put filmholder in position on 
oscillograph . 

14. Set counter which measures feet 
exposed, to 000. 

lfi. Advance paper about 3 inches, 
and the holder is ready for operation. 

Removing Exposed Section of 
Film and Reloading Empty 
Spool 

FIG. 58-A-MAGNETIC CLUTCH FOR TANDEM OPERATION. 

1. Press down knife handle on right 
side of lower magazine. This handle 
should be left down as it forms the shut­
ter to the lower magazine. 

2. Remove spring belt from pulley 
on magazine. 

:l. To remove magazine, release spring 

Adjust qap with feeler qaqe to 006 '" 

clasp on right side and pull the right 
side of the magazine forward about one­
half inch, and move to the right. 

4. Take to dark room before remov-
ing film from magazine. 

.'i. Replace empty magazine. 
6. Put knife lever in up position. 
7. Press button on automatic opera­

tion panel to advance six inches of film. 

�--�-�-

��-J L1 
· 'I w-1 ! I \  ) . i L.J ·'>=------__.,.......-/==-� · L.J 

L__ ---- · ----- · ----- - �  
FIG. 58-N!AGNETIC CLUTCH OUTLINE. 
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8. Trim film to point and insert in 
rero 11 s poo 1. 

9. Place film in wood spool and wind 
two turns tightly. Be sure that rotation 
is top coming. In other words, the sensi­
tized part of the paper should be towards 
the wood spool. 

10. Replace the cover. 
1 1 .  Replace the belt s o  that rotation 

is top coming. 
12. Holder is now ready for operation. 

MAGNETIC CLUTCH 
For 10 Ft. and 200 Ft. Filmholders 

Description 

The magnetic clutch, for operating a 
smgle oscillograph, is shown in Fig. 58 
and is designed for automatic operation 
on low voltage de. The coil and housing 
unit are mounted on the motor shaft 
and revolve with it. The clutch disc 
and pinion unit are mounted by means 
of three screws on the gear case. Contact 
to the low resistance clutch coil is made 
by inserting the contact pin through the 
driving pinion. A flat leaf pressure 
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spring holds this contact pin firmly 
against the contact center of the coil 
and housing. The other side of the 
clutch coil is grounded and the con­
nection is made at one of the motor 
mounting screws. The clutch coil is 
connected in series with the adjacent 
filament of the same lamp as used by the 
shutter and hence across a 6 to 8 volt 
battery. (See automatic panel wiring 
diagram. Fig. 43) . 

The magnetic clutch which is used 
when two oscillographs are operated in 
tandem is shown in Fig. 58-A. It differs 
from the clutch for single oscillograph 
operation in the manner of making con­
tact to the clutch coil. A motor brush 
is mounted on the side of the clutch in 
place of the fiat leaf pressure spring. 
This permits the use of the coupling 
shaft and universal joints to connect 
the two oscillographs in parallel. 

Application 

\Vhen using the magnetic clutch the 
motor is mounted to the right to give 
room for the clutch, and four mounting 
holes are located for this mounting on 
both the 200 or the 10 foot filmholder 
brackets. 

The motor is properly positioned by 
the clearance in the mounting screw 
holes and is adjusted to give a small 
uniform airgap (see Fig. 58) , between 
the disc and clutch housing either equal 
to or slightly greater than .006 inch. 
The connection "motor link" (see auto­
matic panel) is made so the motor will 
run continuously. It is necessary to close 
the clutch circuit across the battery hy 
the push button switch on the automatic 
panel to load or advance the film in the 
holders. 

The clutch gives almost an instan­
taneous start of the film and a uniform 
spread of the record throughout its 
length. A very nice appearing record of 
unusually short length can be taken by 

closing the switch for the time interval 
desired. The length of record is pro­
portional to the length of time the switch 
is closed as very little time is used for the 
acceleration of the film. 

Magnetic Shutter 

Description 

The magnetic shutter which is de­
signed for automatic operation on low 
voltage d-e. only is shown in Fig. 59 
and consists essentially of an oblong 
heavy-copper wire coil assembled in an 
iron frame with two long thin iron vanes 
which close the opening through the 
coil. These vanes are held closed by a 
wire spring. Upon energizing the shutter 
coil, the two vanes are drawn apart 
magnetically to allow the light beams 
from the galvanometers to pass through 
the coil center. When the shutter cur­
rent ceases, the vanes are forced closed 
by the spring and shut off the passage 
of light to the filmholder. 

Application 

The shutter coil, which is of low resis­
tance, is connected in series with one 
filament of a standard double filament 
32 candle power automobile lamp and 
hence across a 6 to 8 volt battery. The 
object of the series lamp is to give a 
large current surge for snappy opening 
of the shutter and a low economical cur­
rent after the lamp has heated up to 
hold the shutter open. 

The shutter was purposely designed 
to operate with the magnetic clutch on 
the high-speed automatic oscillograph 
where the lamp is kept preheated slight­
ly below normal. On the continuous 
drive film-holders for automatic opera­
tion where the initiating time is from 72 to 1 cycle it permits the examination 
of the start of the record by eliminating 
the black line of the film caused by the 
exposure of the preheat lamp. Where 
automatic operation is not required, 
the use of the shutter can be dispensed 
with. 

If desired, the shutter blades are held 

BEAM SPUTTERS 

PUSH IN 10 
OPEN SHUTTER 

ADJUSTMENT NUTS TO FOCUS 
BEAM ON FILM 

- = � � -----------=- =:: .. .-::. -::::... -::... --------= ::= = =.. -=- -::... � ";._-

open mechanically by pressing in the 
hand lever positioned at the right front 
corner of the oscillograph case. 

The magnetic shutter is not used with 
the new type drum filmholder as the 
shutter is incorporated right in the 
holder. However, this type of magnetic 
shutter works very conveniently with 
the Osiso drum-type film-holder and 
will open and close at speeds above :30 
feet per second without retrace. 

Rotating Drum Film Holder 
5" X 1 1 "  
3g"  x 1 1 "  Record 

Description 

The rotating drum film holder, Fig. 
60, 61 ,  62, 63, 64, is available for opera­
tion on 1 15 volts AC-DC or 6 - 10 volts 
D-C. It is designed to use sensitized 
paper or film for either dark room or 
daylight loading as required and is 
used in conjunction with panel S 1/. 877-
043. For very economical operation, 
where dark room loading is not a dis­
advantage, cut-film or paper may be 
used. This method is particularly advan­
tageous for school laboratories where the 
cost of records must be kept to a mini­
mum. For routine laboratory work 
daylight loading rolls are available. 
Cut-film or paper may be obtained in 
3tf' or 5" widths 14" long. Roll film 
may be obtained in the same widths 
for 2, 3 and 5 exposures. The style list 
of photographic materials gives the items 
normally available. 

When using dark room loading, speeds 
of 6 inches up to 35 feet per second may 
be easily obtained ; with roll film this 
value is 25 feet per second. The speed 
changes are obtained by means of a 
variable stepped pulley and belt drive 
plus a variable speed governor type 
motor. The ranges are sufficiently close 
to cover practically all the requirements 
usually met in the laboratory. 

The film holder is equipped with a 
film register to indicate the number of 
exposures. The knob that winds the film 
can also be used to tighten the film 
around the drum and lock it in place 
to prevent its flying away from the 
drum at high speeds. 

On the opposite side of this mechanism 
is a worm traveller which is a sequence 
device to determine the start of phenom­
ena to be photographed in relation to 
the beginning of the exposure on the 
drum. The device will close a switch or 
open a switch during the exposure or up 
to seven revolutions in advance of the 
exposure. During this sequence the lamp 
which is preheated is flashed to give 
increased light during the exposure. The 

FIG. 59-MAGo;ET SHeTTER WITH BEAM SPLITTERS SHO\VI>IG OeTLINE OF Two Vmws Ao;n A CRoss-SEcno>�. 
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closing or opening switches are rated at 
10  amperes 120 volts A-C. This sequence 
device also trips, by means of suitable 
cams, the self-contained shutter which 
at the end of the operation sequence 
may be locked closed to prevent the 
film being light struck when the holder 
is removed from the front of the os­
cilograph . 

In place of the worm tripping mecha­
nism shown in Fig. 60 a cam tripping 
mechanism, Fig. 6 1 ,  may be substi­
tuted. This is accomplished by removing 
three mounting screws which hold the 
mechanism to the side of the film-holder. 
The purpose of the cam tripping mecha­
nism is to permit electrical conditions to 
initiate the exposure. In this case the 
exposure will start anywhere on the 
drum, but will take place for (1) revolu­
tion only. The result will be that the 
record will be in most cases, divided 
where the ends of the film meet on the 
drum. When the film-holder is used 
dark room loading instead of dayligt 
loading, the smallest possible gap in the 
record (approximately 74 inch) will take 
place. 

Application and Operation 
The film-holder finds its main appli­

cation in the study of non-recurring 
transients of short duration, such as those 
found in welding equipment, circuit 
breakers, switches, fuses, and ignition 
coils. It also finds a wide field of appli­
cation in the studies of motor character-

ADJUSTABLE WOAM ON SHArT. 
SETTING DETERMINES CORRECT 
OPENING OF SHUTTER AT 

S TART OF' 

SWITCH INITIATING ARMS 
TRIPPED BY WORM TRAVELLER 

ADJUSTABLE ON SHAFTS Q-1 
REVOLUTIONS CURING EXPOSURE 
0-7 R.EVOLVTtONS PNOR. TO 

EXPOSURE. 

LAMP 

WORM 
TO RES£ T PULL 

KNURLED K NOB 
OUT 

istics under starting and load conditions, 
or in the studies of non-electrical 
phenomena translated into electrical 
quantities such as pressure studies in 
internal combustion engines. 

In operation the filmholder is mounted 
in the slot on the front of the oscillograph 
as shown in Fig. 62 The motor is 
connected to the proper source as indi­
cated by the name plate rating. \Vhen 
used with panel S 1;i 877043, the connec­
tion receptacles are marked as shown in 
Figs. 36 and 37. These figures also show 
a switch marked "l\1otor SW" and 
"Lamp S\V". The "J\!Iotor SW" must 
be connected through either the hand 
switch cable Fig. 36 or a suitable jumper. 
The latter method is satisfactory when 
the motor cable has a switch in it.  The 
"Lamp SW" terminals must be con­
nected to the terminals shown in Fig. 
60. Shorting of these terminals by 
means of closing the lamp flashing con­
tacts, Fig. 60, with the worm traveller 
as it reaches the end of the operation 
sequence flashes the lamp during the 
photographic period. For notes on the 
settings of the control panel to give 
satisfactory flashing values see discussion 
under "Lamp control for photograph­
ing", page 23. 

The film-holder is balanced for the 
highest speeds using cut-film. \Vhen 
using roll films the balance is arranged 
only for the middle exposure of the :3 
and 5 exposure film or paper. For the 
other exposure positions, the balance is 

slightly out at the first and last exposure, 
and becomes progressively better as the 
mid-exposure is approached. In the 
case of the V-104, which is a two ex­
posure, film balance is arranged for the 
second exposure. 

In the balanced positions the following 
weights and spools are required : 

Parts Required 
for Balance 

s � 937151 
Weight 10.7 grams 

s � 937 1.'\2 
Weight 12.0 grams 

s � 9:37153 
Weight l.j.O grams 

s � !J37li>4 
\\reight lU.R grams 

S � 1000877Two.5" Wood­
en spools weight 

15 grams ea. 

Roll Film & Paper 
Oscill. Exp. 

E.K. V-122-t> ex. 
w S � 93713tl 
w s � 937137 
w S � !J3713S 

E.K. V- 104-6 ex. 

w S � 49 Hl84 
w s � 7218\J\l 
w s n21347 

E.K. V-122-10 ex. 

Cut-Film & Paper 
w s � 9:37139 
w s � !J:l7140 
w s � 937141 
w s � 937142 

:� 
3 
3 
:J 

2 

5 
5 
5 

;'j 

The last item shows wooden spools 
required. These are dummy spools used 
only for dark room loading and are 
placed in the un-exposed spool positions. 
In this case, the balance weights (used 
only with roll film) are removed and the 
screw for holding them in place must be 

TRIP CAM TO 

MOVE LEVER TO INITIATE 
I N  DIRECTION OF ARROW 

FIG. 60-SIDE VIEW OF DRUM TYPE FILM HoLDER SHOWING WoRM TRIPPI�G 1V1 EcH.\:--JISl\I. 
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T FI.IPPING COIL 
TERIIAINALS 

BFI.USHES FOFI. SHORTING 
PREHEAT LAMP 

/'
R£S!STOR 

SHUTTER T 

TEFI.IIAINALS FOR SHORTING THE LAIIAP 

PRCHEATING R£S!STOR 

FIG. 61-SmE VIE\V oF D RU:\1 TYPE FILl\.1 Hor.oER�Sno\YING CA:'\.1 TRIPPit-;G 1v!ECHA�ISM. 

left in its hole to keep balance. Also, 
this will prevent its being lost. 

The film-holder is clesigned to work 
with all type PA Oscillographs, and can 
be adapted to l\Iulti-Element use by 
means of adapter plates. Because it has 
a self-contained automatic shutter, no 
other type of shutter is necessary. The 
automatic shutter permits almost the 
full use of the drum for exposure 1 1 "  out 
of a possible 12" (the clrum circum­
ference). 

Fig. 63 shows the spare parts in­
cluded with this film-holder, also the 
extensions for changing from f)" film to 
narrow :H t" film, and three extra belts, 
four balance weights, a key, and two 
dummy spools for clark room loading. 

The film speed to use is determined by 
the conditions of test, namely the type 
of phenomena to be investigated and the 
portion of the record it should occupy 
for analysis. Fig. 62 shows a stepped 
pulley arrangement with belt drive. For 
very slow speeds all three belts are used. 
For intermediate and high speeds only 
a single belt is required. 

The following table of pulley ratios 
gives the speeds obtainable at full motor 
speed of 5000 R.P.M. 

Pulley Diameter. 
Motor Drum Belts Speed R.P.M.* 

1 %" 3 Ys" 1 2100,0' 
3'Ji" 'Ji" 1 2 100.0 

Ys" 3'Ji" 1 1200 
Using all Pulleys 3 120** 

*Minimum speed approximately 1/5 of above 
values obtained by setting motor governor screw 
all the way in. 

**1 %" dia. motor pulley may be unlocked 
from 3 %" dia. idler pulley with the screw shown 
in Fig. 62 to be used with the 3 Ys" dia. drum 
pulley which is to be unlocked from the drum to 
become an idler pulley by olacing locking screw 
horizontal as shown in the Fig. 

Should the belts become too loose, the motor 
mounting screws may be extended and locked 
with the nuts shown in Fig. 62. 

0Max. recommended speeds for cut film only. 
Max. speed for roll film is 1500 R.P.M. 

Fig. 60 shows the worm traveller 
which trips the shutter also the two 
trip switches "ON " and "OFF" set 
ready to trip. These switches, one to 
close a circuit the other to open a circuit 
are rated at 10 amps. 120 volts a-c . ,  and 
5 amps. d-e., may be set at a predeter­
mined number of revolutions in advance 
of the shutter opening by moving them 
along the scale marked revolutions lead. 
Both switches must be advanced slightly 
as the scale indicates for high drum 
speeds. 

Fig. 60 shows the trip mechanism 
for the shutter, the traveller and the 
lamp switches. The traveller moving 

Fig. 62 shows the left side. The 
Jilm wind-up knob, used only with day­
light loading, is designed to advance the 
exposure and to tighten the film on the 
drum to prevent its flying off during 
exposure. In the "out" position, the 
film can be advanced ; in the "in" posi­
tion, the film can be locked in position . 
To release the knob in the locked or 
tightened position, it should be advanced 
slightly and pulled out at the same time. FIG. 62-Frni HoLDER IN OPERATING Posnro". 

4 1  
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tXPOSVRE ADVANCE KNOB 

Al.$0 LOCI\S rtLI.t TO 
DRVM SURFACE 

AD.JVSTABLt PULUYS ANO 
!Itt. T OR!V£ tOR STEPP£!> 
S�(£() RANGES ____ _.. 

VARIAIII..t SPtEO �TI>R OR!Vt 

r J �t.'' x t t "  l 
FIG. 63-RoTATING DRuM F II.l\UIOLDER l S  3'1., 

x 
1 1 ,  J ExPOSURE FOR UsE wrTn DARK RooM 

LoA. O J  r--.; c CuT F I LM A�D DAYLIGHT LoADING RoLL FILM-SPEEDS, 6 INCHES TO 35 FEET PER SEco:-.�u. 

along the worm closes tl1e lamp contacts 
in advance of the shutter opening which 
in turn shorts out a section of lamp 
preheat resistance as described for panel 
S j!j R7704:3, page 23. The value of the 
preheat setting (see page 24 and dial 
in Fig-. 35) must not be set in the 
dang-er zone for speeds much less than 
1200 R .P.l\J., otherwise tl1e lamp may 
burn out. Best photographic results are 

METAl. R0l.L.£R 
ROI..L. 

obtained from 10 volts d-e. supply for 
which the panel is calibrated, or from 
1 1.'5 V a-c. The input to the panel lamp 
terminals is shown connected to the lamp 
switch terminals on the panel. 

Fig. 64 shows the drum closed as 
woulcl he used for daylight loading 
films. In this case, the metal roll is 
placed in the holes further from the 
rubber roller. It may be moved from 

this position by inserting a pencil point 
into the holes and pressing back the 
spring- shafts. For dark room loading 
the two rollers must he placed adjacent, 
and the little pawl on the right engaged 
in its ratchet gear. This prevents the 
film from pulling- out and locks the 1 4" 
cut strips in place similar to that of a 
wash ringer. 

Fig. 65 shows the drum cover open. 
The spool in the cover is the expose•! 
spool, and the one inside the drum is the 
unexposed spool. The film is wound up 
in the reverse manner from that of the 
unexposed portion, that is, away from 
the operator, on the top of the spool. 
It is loaded as follows : The cover open, 
the full spool is placed in the position 
shown, a portion of the leader about 15" 
is pulled out. The cover is closed and 
the drum is rotated top towards the 
operator until the roller is reached. The 
cover is again opened and the leader is 
placed in the exposed spool and wound 
on top away from the operator until the 
taper of the leader just disappears from 
view (approx. one turn) . The drum 
cover is  closed and the two latches 
aligned with the white marks for the 
complete closed position. Also check to 
make sure the pawl, used for dark room 
loading only, is not in mesh with the 
ratchet gear or else the film register will 
not work. 

The film-holder cover is now closed 
and the film register (the large knurled 
disc, see Fig. 62) is set on "W" for 
Westinghouse films and "C" for Com­
mercial films. The film wind up knob 
in the out position advances the film to 
exposure 1, etc. Pushing it in and 

FIG. 64-DRU.:\I CLOSED FOR DAYLIGHT LOADING FILMS, 
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Westinghouse Type PA Universal Oscillograph 

FIG. ()S - DRl TI\1 OPEN SHOWI �I. PoSITIO�S OF ExPOSED .-\�D e:: .. H:XPOSEIJ SPOOLS. 

advancing it locks the film on the drum. 
Care should be used in the operation 

of the film-holder to avoid anv unneces­
sary mechanical shocks as !t can be 
damaged unless proper care is taken in 
its operation. The automatic shutter is 
set so as to be in the center of the slot 
and the front collar stop (Fig. 60) at 
the cam pin shaft is set for this position 
by means of the set screw in the collar. 
The back collar acts as an auxiliary stop 
to prevent chatter and is set by the 
position of the cam pin working against 
the cam surface. The cam may be moved 
back and forth on the traveller towards 
the cam pin by loosening the filister head 
machine screws holding it to the travel­
ler. In the fully open position, .001" to 
.002" play should exist between the 
maximum rise of the cam surface and 
the cam pin. At the start of opening, 
the cam pin should just be tangent to 
the cam. 

The start of the shutter opening must 
occur at the beginning of the exposure 
or when the metal roller is directly in 
front of the slot (rotation clockwise fac­
ing the worm side). This may be set 
correctly by loosening the gear on the 
worm shaft after which it r.1ay be moved 
with respect to the worm to give the 
desired condition. 

To determine film speed, tachometers 
should be used and they may be placed 
in the center of the wind up knob, 
Fig. 62. 

When using the cam tripping mech­
anism, Fig. 61 ,  the sequence of opera­
tion is as follows : The circuit breaker 
or switch mechanism is connected in 
series with the tripping coil for the rated 
coil voltage according to the nameplate 
rating, marked "tripping coil terminals" 
in Fig. 61 ,  the shorting preheat resistor 
terminals, panel S iii 877048, page 23, 
are connected to the "preheat lamp 
shorting terminals" ,  Fig. 61. The 
film-holder is loaded with cut film or 
paper as has been previously explained 
for the full drum circumference. Fig. 

61 shows the correct initial setting of 
the cam which must be set before load­
ing the film-holder. The movable arm 
supporting the cam must lock the cam 
away from the friction wheel on the 
drum shaft by means of the relay "trip 
lever". 

The drum is now set to rotate at a 
suitable film speed. The device to be 
tested closes the relay coil thereby trip­
ping the cam arm which then moves 
forward to mesh with the friction wheel 
on the drum. Rotation will take place 
for one revolution of the drum and the 

THE FOLLOWING IS A TABLE OF FILMS TO BE USED WITH THE 

FILMHOLDER 

Description 

Commercial Film E.K. V-1 22-6 ex. 

Commercial Film E.K. V-122-10 ex. 

Commercial Film with special leader E.K. 

03cil. 
Exp. 

:l 

.) 

Width 

:� n "  
:1 � }"  

Length Identification 

�0 3ii" s 11 !)37696 
or E.K. No. ti2 ] � "  s ll !l:l7697 
or E . K .  N o .  

V-104-G ex.* . . .  2 ,; " 2H !<s" S !i 0306�S 
"\Vestinghouse Film . :1 ;) " an" S f.Hl:37137 
V{estinghouse Film . . . . . . . .  5 5" Of>" S fii 721H00 
Westinghouse Sensitized Paper . :l :l H" :39" S � D:l7136 
V.lcstinghouse Film . .  . . . . . . . :.·-1) :},1 }"  ( .. 1�1):: S # 4916H4 
Westinghouse Sensitized Paper . " > .  S � 03713H 
V\.,.cstinghouse Sensitized Paper . ;, 3" ()() '' S # 7 2 l:H,7 
Cut Film . 0" I � "  S 11 937 13\1 
Cut Film . .  . . . . . . . :1 f-} "  1 4 "  S # 937140 
Cut Sensitized Paper . .>" l :J. "  S # 9:17 1 4 1  
Cut Sensitized Paper . :1 g "  1-!" S # B37142 

* In case of emergency the commercial film E.K. V-104-6 ex. may be used, but the first 1 inch 
of record on the first exposure will be fogged if loaded in daylight. 

Frc. 6S-A. 
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Westinghouse Type P A Universal Oscillograph 

cam will lock itself against the friction 
wheel. For the next operation the cam 
must be reset by moving the tripping 
arm towards the shutter, then pulling 
the cam outwards away from the film­
holder, rotate it into the position shown 
in Fig. 6 1 .  At this point the tripping 
arm should lock the cam out of engage­
ment by means of the relay trip lever. 

For instructions on photographing, see 
page 45. Except note that in dark room 
loading, great care should be used m 
handling the film so as to avoid finger 
marks which will cause fogging. By 
setting the worm traveller at the end of 
its travel (adjacent to the worm gear) 
the shutter may be locked in the closed 
position. This will prevent its accident­
ally being opened thus making a fogged 
film. 

NEON 

T I M ER ATTACHMENT 

Description 
This timer consists of a tube type 

rectifier, a control circuit and a neon 
flashing tube. The control circuit is of 
the resistor capacitor type. This circuit 
is charged and discharged at a rate con­
trolled by the frequency of the voltage 
source. The discharge takes place 
through the neon tube which causes it  
to flash with great intensity for a very 
short time interval. This short flash is 
focused by an optical system to the 
film to give sharp lines at right angles 
to the direction of film tra\·el . 

Operation 
This procedure when the film is in 

motion, results in a time srale on the 
film . The time interval between lines is 
one cycle of the frequency which may 
be any 120 volt source from 25 to 100() 
cycles. To get the best possible life from 
the flashing tube, it should only be 
energized during the exposure of the 

SWITCH 

631-PI 
8()r TOh1 

V/,e'W 

RIGHT SIDE OF 
OSCILLOGRAPH 

CASE FELT GASKET 

films. The inherent overall life of the 
tube is dependent on its number of 
flashes. Therefore, it is advisable to 
keep the timer energized only during the 
exposure of the film. 

The timer i s  mounted on the right 
side of the oscillograph case facing the 
filmholder end, as shown in  Fig. fi6. In 
the latest type cases dummy hardware 

4 MF 

FrG. 66-A--\.VrRING DrAGR.\\t oF N Eo� Tnn-:R 
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POSITION OF FLASHING TUBE 
ADJUSTMENT SCREWS 

RECTIFIER TUBE 
TYPE 1 1 7-Z-6 G T/G 

may be removed to permit i ts  attach­
ment when shipped separately. After 
installation the flashing tube should be 
moved to the extreme end of the slotted 
light shield as far as it will go by remov­
ing the timer cover and loosening the 
mounting screws on the tube base sup­
port. After this position is reached the 
tube should be backed off J� 2 inch . 
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Westinghouse Type P A Um'1•ersal Oscillograph 

F11 ; .  66-R ---OsnLLOCR.\1'11 Cs1 :-..-c ARc LICHT S o t ' R C E  .\:\'D Sno\\T ' \ C  S J > J·:C I . \ L  FEE r. 

Replace the c·m·c1· ::�nd conned to t he 
desired frequency source of 1 :ZO ,·olts. 

1 n case the timer ceases to function 
look for loose or defecti\·e tubes or de­
fective circuit constants, Fig. (16-A. The 
neon flashing tube is Type fi:H-PI made 
by Hygrade Sylvania Corporation. The 
rectifier tu];>e is type 1 1 7-Z-6 GT/G, 
either Hygracle or R .C.A. 

NOTES ON OPERATION 
Measurement of Current, 

Voltage and Watts, and 
Precautions to be 

Observed 
General 

The method of connecting the perma­
nent magnet galvanometers is shown in 
Fig. 22-B. The watt elements connec­
tions are shown in Figs. 23-A , 26 and 30. 
Before connecting up any of the galva­
nometers, the instructions under the 
individual headings should he thoroughlv 
understood. 

· 

Where extreme recording- speeds arc 
required it may he desirable to use an 
arc-lamp as indicated in Fig. 66-B.  
This assembly replaces the incandescent 
lamp assembly shown in Fig. 7. 

Voltage Measurements 

Resistances for voltage measurements 
should be of negligible inductance. Cali­
bration can be made as shown in Fiz. 
22-B. All leads connecting the circuits 
to be testecl to the oscillograph binding 
posts should be preferably of the twisted 
double conductor type. A good grade 
of lamp coni may be used for circuits 
up to 220 volts. Twister! leads are used 
to a \"oicl inductive effects. As transient 

vol uwc:; may 1·c:tch sc\'cral tirncs normal 
peak values, too much care cannot he 
paid to proper inst1lation. 

The g-alvanometers are insulated to 
withstand ii,OOO volts between elements 
hut g-reat care should he use.l to he sure 
all circuits arc isolated .  lf the circuit 
being studiecl is grounde:l on one side, 
it is g-ood practice to keep the rc::tr bind­
ing post of each set connecter! to a fuse 
so that if it blows, the element and re­
sistances will be at ground potentiaL 

The s:tfc voltag-e which can he directlv 
applied to the oscillograph terminaL; 
depends on several factors : first, tl1e 
ski l l  and reliability of the opercttor; 
second, the amount of power available 
in the circuit ;  ancl tl1inl, tl1e condition 
of insulation surfaces of the oscil lograph. 
Faulty handling of tl1e apparatus migl1 t 
resul t in serious injury to the operator. 

In the measurement of higl1 voltages, 
insulating potential transformers should 
be used wherever possible. Extra pre­
cautions must he used when consider­
able power backs the circuit. Protective 
fuses should be inserted between the 
circuit and the leads passing to the 
oscillograph. In d-e. testing the higher 
potential lead should he connected to 
the rear (fused) binding post of each 
element. It should he remembered that 
incluctive kicks sometimes momentarily 
increase the voltag-e of the circuit a 
thousand per cent or more. The fuses 
to be connected in the leads should he 
relativelv non-inductive and for the 
rating of the apparatus under test. 

One method of mcnsming extremely 
high voltages with high external resist­
ances is to use an external shunt resist­
ance (Rp) across the vibrator or potential 
leads, (see Fig. 22-B) .  fn this case one 
of tl1e leads should he at or near g-rmmd 

-Hi 

potential. "\lso, all internal resistances 
shoulcl be cut out so that the shunt will 
take hut a fraction of the total current.  
The capacity of the shunt must he such 
that if the element opened up, it could 
carry the current without materiallv 
increasing the voltage reaching- the o�­
ciilograph. Water resistances through 
n1bber tubes make effective controls for 
voltages running into the thousands. 
Distributed capacity, as well as  induct­
ance shoulcl he avoiclecl for such measure­
ments. 

Current Measurements 

Onl v non-inductive shunts should he 
used frJr oscillograph work and the resist­
ances shoulcl he known in order to assist 
in setting tl1e calibrations. Sec Fig. 
34-D for ratings ami Fig-. 22-B for 
methods of calibration. In practice, 
the deflections are seldom figured except 
approximately. Calibrating instruments 
are always used when possible. Ordinar­
ily the shunt e.m.f. drop is figured to 
see if it is re:csonable anc! then the ele­
ment is connected in with a large value 
of resistance which is later reduced to 
give the desired deflection. The shunt 
with leads is then calibrated with an 
ammeter. 

1\Iost commercial testing on d-e. 
power circuits requires shunts rated for 
the ft11l line Ctlrrent. Standard ammeter 
shunts are of too low a millivolt drop 
rating and arc too inductive to permit 
their use for this class of work. 

On a-c. circuits shunts may be con­
necter! through current transformers. 
Again care should be taken to avoid 
high voltages by having one side of the 
secondary supplying tl1e shunt at or 
ncar g-round potential .  
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Westinghouse Type P A Universal Oscillograph 

Watt Measurements 

The general precautions mentioned 
for the permanent magnet galvanometers 
in keeping one side of the element at or 
near ground potential should be observed 
in the use of all watt galvanometers. 
The current coils are tested to withstand 1000 volts to ground momentarily so 
that they may be connected above 
ground if desired, though this procedure 
is not recommended. 

Tl1e methods of calibration and con­
nection are treated under the heading 
of each particular galvanometer. 

Taking the Oscillogram 

Taking of the oscillogram is the final 
operation . Before the oscillogram is 
finally taken, the following operations 
and adjustments must first be made: 

1 .  After definitely knowing all the 
various indications required, a decision 
as to the galvanometers required with 
tl1e vibrators of the proper characteris­
tics should be made, see Fig. !l. 

2 .  The arrangement of the position 
of the galvanometers and the vibrators 
in tbe oscillograpb sbould be determined 
so that the recording beam on tbe os­
cillogram can be properly placed. (See 
discussion under "l'viarking of Os­
cillogram' ' ) . 

:3. Adjustment of the galvanometer 
beams on the calibration window and 
viewing screen and the adjustment of 
tl1e optical system to giv� maximur_n 
light intensity of the recordmg beam 1s 
required . All lenses and prisms must be 
crystal clear. (See discussion under 
"Optical Compartment".) 

4. Connections of al l the circuits to 
give tbe proper polarity and adjustment 
of all the circuit resistances to give tbe 
desired deflection on the oscillogram 
must be made. (See Fig. 22-B.)  

5. Calibration of all  the beam de­
flections in volts, amperes or watts per 
inch of beam deflection must be record­
ed. (See Fig. 22-B.) 

G. Lastly, the taking of the recc_ml 
or oscillogram. (See the chscuss1on 
under "Filmbolders" . )  

Developing Films 

\V"here no dark room is available, films 
may be developed in a tank-developer. 
Unless the oscillograms are slow-speed 
ones, or unless the light is especially 
intense, it is better to use a more con­
trastive developer. Double strength of 
developer may be used to advantage, 
hut then care must be taken not to leave 
the film in the developer too long. To 
obtain the best results, the operator 
must experiment with differ�nt d�velop­
er concentrations to find wh1cb w1ll giVe 
tbe most contrastive oscillograms, wben 

using the particular water, etc., of tbat 
locality. For ease and accuracy of in­
terpretation, contrastive oscillograms 
are desirable. \V"hen developing films 
in a dark room, the operator has a 
chance to watch the process and control 
the development, so as to get tbe best 
results. Temperature and time are 
important. 

Standard prepared package developer 
and fixing acid obtainable at any photo­
graphic supply (such as tbe Eastman 
Kodak M.Q. developing tubes) can be 
used very satisfactorily with good results. 
Development time five minutes at 68°F. 
The package directions are ordinarilv 
followed ; however, experimenting will 
prove better mixture combinations for 
any specific results. In general, more 
concentrated solutions will give more 
contrasting oscillograms. 

Tbis booklet assumes that the oper­
ator has knowledge of photographic 
developing. 

Keep the film moving in the developer 
and be careful not to stain the film by 
improper handling, wash tbe film be­
fore placing it in the fixing bath. Hypo 
may he used or Eastman Kodak Acid 
Fixing Powder made up according to 
package directions. To obtain clear 
films do not use fixer after it has become 
discolored. Allow film to remain until 
clear approximately five minutes at 68°F. 

Exposed film cartridges may be de­
veloped and printed by the film photog­
rapher provided they received a very 
good exposure (in the oscillograph) , and, 
also, provided the photographer i� warn­
ed not to cut the long exposures 111 two. 
In order to properly number and letter 
tbe films, it would be better to have the 
photograpber return the films uncut. 

The ideal temperature for storing 
photograpbic emulsions is 7.')°F. Dry 
Bulb, 61 °F. Wet Bulb, a� 44% Relative 
Humidity. The precechng notes on 
developing appl;: eq

,;
m!\Y well to film 

or paper used w1th 'N oscillographs. 

Marking of Oscillogram 

In order that the films may have tbe 
most value for reference, each should 
have a number or letter or combination 
thereof to designate it ;  and, preferably, 
should bave calibrations printed on the 
film so that tbey will show properly 
in the final photograpbic print. Some 
system should he adopted for num)Jer­
ing and calibrating tbe films. Also, 1t IS 
usually found good practice to bave some 
general scheme for arranging the zero 
lines and deflections from the elements. 
No hard-and-fast rule can be made. 

Tbe following is but a suggestion. 
When holding the oscillogram hori­
zontally with record advancing from 

46 

left to right, have the d-e. deflections 
extend upward or away from you, so as 
to have the zero of the scale near tbe 
foot of the oscillogram. To accomplish 
this, proper setting of the beams on 
the ground glass of the calibration win­
dow and the right polarities made to the 
galvanometers at the time of taking 
of the oscillogram should be made. In 
all the new filmholders the film or sensi­
tized paper in the camera advances 
downward past the oscillograph opening 
where the galvanometer beams expose 
the film. When using sensitized paper, 
the record of No. 1 galvanometer beam 
(extreme left-hand galvanometer, see 
Fig. 5) will be at the foot of the oscillo­
gram and the d-e. deflections are up­
ward. On the ground glass of the cali­
bration window the beam will be to the 
right, although with the film, the de­
flection must be to the left on the cali­
bration window to obtain a similar ap­
pearing oscillogram on the final print, 
and the No. 1 galvanometer recording 
beam will be at the top of the oscillogram. 

The oscillogram, if film, is printed 
in the usual way with the sensitized 
paper against the photographic side of 
the film, then the time component will 
extend from left to right, the lettering 
on the shiny side of the film, with pen 
and ink or otber means if desired (sample 
print of an oscillogram is shown in Fig. 
67) . If the sensitized paper is used direct­
ly in the filmholder, the outstanding 
difference in the oscillogram is the white 
background with black lines, tbe element 
numbers are from bottom to top and the 
beam deflection on the oscillograph is 
from left to right so that the deflection 
on the record is from bottom to top. 

In measuring beam defleci;ions on the 
oscillogram a transparent scale is found 
very convenient. Or, with film, in mak­
ing prints a transparent scale laid on 
the film will plainly show printed direct­
ly on the final oscillogram. If tile same 
calibration is used for many films, a 
scale numbered in volts or amperes may 
be made on a piece of white paper and 
laid under and traced on eacb film. This 
scheme is particularly applicable 1 o  
time scale where manv films are run at 
the same speed. 

. 

\V"hen much work is to be clone, it is 
convenient to construct a chart con­
sisting of many lines converging to a 
point from equally spaced points on a 
perpendicular to the center line. Draw 
a line, on the film perpendicular to the 
zero line of the element to be scaled. 
Place tbe zero line on the film over tbe 
center line of the chart and then shift 
tbe film until the converging lines inter­
sect the scale so as to give the proper 
intersections to correspond with the 
particular calibration in amperes per 
inch or volts per inch. 
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Style 

:-377 0:3() 

704 205 
704 206 
704 2 1 2  

877 029 
930 704 
876 404 
877 128 

877 12\l 
878 4:34 

1003 771 
1003 772 

877 04:3 
820 094 

877 042 
820 O!J:3 
877 608 

109() 0:{8 
704 222 
56\l 04/l 
.GG9 04G 
584 394 

569 047 

NEW AND REPLACEMENT STYLE LIST FOR THE 
PA UNIVERSAL OSCILLOGRAPH 

Title 

MAIN CASE 

l\ lain Case for t he "]\\ "  Uni \'crsal Oscillograph . 

VIEWING ATTACHMENTS AND COVERS 

Plain Cover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Cover for Calibration ·window or for 4-siclecl polygon vie\v ing . 
Simple Calibration Window with plain ground glass . 
Simple Calibration \Vindow with calibrated ground glass (:\!. 1\l. Scale) . 
Simple Calibration Window with calibrated ground glass (Inch Scale) . .  . 

Complete 4-sided polygon viewing with 4.5° mirror and light-shield . . . . . . .  . 

Complete simultaneous viewing with 1 1.'5 volt A-C. or D-C. direct drive with cover for PA Universal 
Oscillograph only . . . . .  

Same as S iii 877128 except with () volt D-C. drive . 
Cover for simultaneous viewing . . . .  
Spare Viewing Motor complete with bracket G volts D-C. (Governor type) . 
Spare Viewing Motor complete with bracket-1 1.'5  volts D-C. (Governor type) . 

PANELS 

Laboratory Application 
1 1.5 volt A-C. or 6 to 10 volt D-C. lamp am! motor supply panel . 
Half-length current and voltage resistance control panel . . . . .  . 

Automatic Power Application 
Automatic panel plus heavy battery leads for G volt D-C. operation . 
Half-length positive or negative current phase-sequence network panel (for GO cycles only ) . 
Half -length ranel-sarne as S iii 82009:3 except for .50 cycles . . . . . . . . . . . . . . . .  . 
Half-length panel-same as S iii 820093 except for 2.'i cycles . 
Half-length current control panel (5 ampere shunts) . . . .  
Full-length potential control panel (3 transformers for 120 to 0.6 volts-2.5 to 60 cycles) . 
Half-length potential control panel (2 transformers for 1 20 to O.!i volts-2.G to 60 cycles) . .  
Half-length angle control panel . . . . . . . . . . . . . . . .  . 
All Applications 
Half-length blank panel . . . . . . . . . . . . . .  . 
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Figure 

1 

:i2 
;) 
3 
3 

2-:3 
2-:3 
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Style 

S77 l i !J 
877 120 
S77 121 
S77 122 

'11.77 12:3 
877 124 
R77 12.'5 
877 126 

'11.77 ORO 
S77 0'11.1 
877 082 
s77 08:� 
821 .56S 

1001 �)\).') 
1001 9!l6 
1001 997 
1001 998 

4\J2 4S4 
4!)2 48.'5 
.')().') 1()1 
.')77 707 

.')77 706 
1:1.77 488 
fin 7S.'J 
.')(\() 677 

S77 494 
6.52 2.'i(i 
4!)2 487 
877 44:3 

,'-1,77 4X� 
877 4'11.4 
S77 485 

877 486 
877 487 
877 496 

704 220 

704 21!) 

S21 !iH:3 

877 1:32 

877 1 :30 

s:w 614 

\J:m 792 
930 793 

n:3o 614 
\J:34 010 
u:34 oo9 

1Vcst inglzouse TyjJe PA Uni�·crsal Oscillograph 

NEW AND REPLACEMENT STYLE LIST FOR THE 
PA UNIVERSAL OSCI LLOGRAPH-Continued 

Title 
COMPLETE GALVANOMETERS 

Complete standard permanent magnet vertical galvanometer . 
Complete sensitive permanent magnet vertical galvanometer . 
Complete high-sensitive permanent magnet vertical galvanometer . 
Complete super-sensitive permanent magnet vertical galvanometer . .  
Complete sensitive fin. permanent magnet vertical galvanometer . . .  
Complete super-sensitive fin. permanent magnet vertical galvanometer . 
Complete high-frequency permanent magnet vertical galvanometer . .  
Complete twin permanent magnet vertical galvanometer . 
Complete single phase instantaneous watt vertical galvanometer . .  
Complete single phase average watt vertical galvanometer . . . . .  
Complete polyphase instantaneous watt vertical galvanometer . .  
Complete polyphase average watt vertical galvanometer . 
Complete ultra-sensitive 20,000 turns vertical galvanometer . . .  
Complete standard horizontal galvanometer . . . . . . . . .  . 
Complete sensitive horizontal galvanometer . 
Complete high sensitive horizontal galvanometer . 
Complete high frequency horizontal galvanometer . .  

GALVANOMETER PARTS-Vertical Vibrator Elements 

Standard vi bra lot· clement . . .  
Sensitive vi bra tor element . 
Sensitive fin. vibrator element . .  
High-sensitive vibrator element . 
Super-sensitive vibrator clement . 
Super-fin. vibrator clement .  . . .  
Twin vibrator element . . . .  
Polyphase instantaneous watt vibrator clement . .  
Ultra-sensitive vibrator element . . . .  
Polyphase average watt vibrator clement . 
Carrying case for vibrator element . .  
High-frequency vibrator element . . .  

VERTICAL GALVANOMETER WELLS 

Standard permanent magnet well complete. 
Twin permanent magnet well complete . . .  
Single phase watt well complete . . . .  
Polyphase instantaneous watt well complete . . .  
Polyphase average watt well complete . . . . .  
Ultra-sensitive 20,000 turn well complete . .  

DAMPING FLUID AND FUSES--SEE FIG. 9 

FILM HOLDERS-Complete Holders 

10 ft. film or sensitized paper holder, continuous, G Yolt D-C. motor clri,·e with magnetic clutch for 
Automatic Power Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Same as S 59! 704220 except without magnetic clutch . .  
200 ft. film or sensitized paper holder, continuous, (i volt D-C. motor drive with magnetic clutch and 

Figure 

S- 1 1  
8 -23 

8 
8 

8 
i-1 · 20 21  
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2\J 
3 1  

1 0  
1 0  
1 0  
1 0  

1 1  
2:3 

20 -2 1 
25 

:n 
2!) 

8 
s 

2:� 

25 
2!J 
:3 1  

.'52-5:) 

52 

extra lower magazine (for power application) . . . . . . . . . . . . . . . . . . . . . . . . . . .  54-5.5-iili 

Same as S 59! 821693 except without magnetic clutch . .  
10 ft. film or sensitized paper holder, continuous, 1 1.'5 volt universal motor drive with an adjustable 

governor speed control of Hi to 1 ratio . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
200 ft. film or sensitized paper holder, continuous, G volt D-C. governor motor drive with extra lower 

magazine-no clutch-complete . . . . . . . . . . . . . . . . .  . 
200 ft. film or sensitized paper holder, 1 1 5  volt A-C-D-C governor motor drive, extra lower magazine 
10 ft. film or sensitized paper holder, G volt D-C. variable speed motor . . . . .  . 

200 ft. film or sensitized paper holder, (i volt D-C. variable speed motor extra lower magazine . .  
Drum Film Holder (,5" x 1 1 " ) or (:3B" x 1 1 " ) record, 1 15 volt universal governor motor drive . 
Same as S 59! 934010 except with G volt D-C. variable speed motor . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

49 
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63 
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Style 

S77 070 
S77 Ofl9 
773 274 

l lii7 091 

1 1 58 8 5 7  

704 21S 
S77 041 
S77 073 

S77 1 :3 1  
S2 1 68ti 
877 072 
934 1 39 

722 798 
10.59 8H1 
1 268 06.5 

934 00(\ 

934 OOii 
1003 773 
1009 730 
937 164 

S21 ti87 
877 079 
703 50\J 
723 21\J 

S20 S70 
S21 ()!)5 
821 (\90 
S21 G9!) 

s:3s 140 
836 2S4 

12()7 25\l 

1 2(i7 2ti0 
126S Oti6 

!);3() 4 Hi 
87() 6!J2 
ii18 024 
S21 360 

u:3o 2n8 
71n a87 
4!J2 486 
1\15 (\12 

820 I ii4 
49 1 700 
8 1 9  940 
492 4!J7 

* * *  
l()(Jl !)72 
1001 H73 
87S 371 

1 268 93 1 

1 059 584 

9 7 1  502 

578 1 3 7  

8 3 7  265 

724 75S 
1202 179 

Hlestinglzouse Type P A Universal Oscillograph 

NEW AND REPLACEMENT STYLE LIST FOR THE 
PA UNIVERSAL OSCI LLOGRAPH-Continued 

Title 
PARTS FOR HOLDERS 

(j volt D-C. motor for film holders and with governor control . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

1 15 volt universal motor for film holders and with governor control . . . . . . . . . . . . . . . . . . . . . . . . . 

t3 volt shunt motor for 10 and 200 ft. holders for automatic po\ver application . . . . . . . . . . . . . . . . . . . . . 52 
Similar S jj! 778274 except with special brush contact on shaft end for clutch . . . . . . . . . . . . . . . . . . . . . .  . 

Shaft Contact Pin for Motor S #  1 1 57091 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

l\Iagnetic clutch for motor S 5ii 77:3274 and S# 1 1 5 709 1 . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . .  52-5S-58A 
Pinion and plate for 10 ft. holder and motor S �  77:3274j . . . . . . . . . . . . .  . . . . . . . . . . . . . . . 

Pinion and plate for 10 ft. holder and governor motor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Pinion worm for 200 ft. holder and motor S jj! 77:327 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Extra lower magazine for 200 ft. holder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ii !  
Condensor and resistor parts for universal motor, 1 1 5 Volt Sen·ice . . . . . . . . . . . . . . . . . . . . . . . . . 

.Magnetic Clutch complete 6 volts D-C.-for 200 ft. holder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 

Clutch Contact Pin for 10 ft. Film holders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Clutch Contact Pin for 200 ft. Filmholders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Clutch Contact Pin for Tandem Operation . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

6 volt D-C. motor, governor type, for .5" Dmm Film Holder, Fits 10 ft. and 200 ft. holders . . . . . . . .  . 
1 15 volt A-C. motor, governor type, for 5" Drum Film Holder, Fits 10 ft. and 200 ft. holders . . . . . .  . 
Remote control tripping mechanism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

\Vorm Tripping Mechanism . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

1 .5Yz" long, _li" diameter belt for 5" Drum Film holder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

MISCELLANEOUS PARTS FOR PHOTOGRAPHING 

Pulley ancl Countershaft attachment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
.Magnetic shutter with leads (automatic applications 6 volt D-C.) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Short rubber belts for 10 ft. film holder rollers . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Film spool pivots for 10 ft. holder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Empty film spool for 200 ft. holder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Spring to clamp end of film to empty spool for 200 ft. holder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Operation indicator 6 volts D-C. for 200 ft. holder and panel S jj! 8770 t2 . . .  . . . . . . . . . . . . . . . . . . 
Spring belt drive for reroll spool for 200 ft. bolder . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Adapter plate for Osiso film holders and polygon on P1\ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Adapter plate for PA holders on multi-element oscillograph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Operation Indicator, 1 1 fi  volts A-C . ,  for use with 200 ft. holder and panel S jj! 87704:� . . . . . . . . . . . . . .  . 

Operation Indicator, 6 volts D-C. ,  for usc with 200 ft. holder and panel S jj! 87704:� . . . . . . .  . 
Coupling Shaft for tandem operation of oscillographs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

MISCELLANEOUS PARTS -General 

Mobile table . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Endless rubber non-stretchable belt 2S inches long . . . . . . . . . . . . . . . . . . . . .  . 
Endless leather belt 40 inches long . . . . . . . . . . . . . . . .  . 
"'estinghouse Lubricant Vaseline Tube for greasing of fi lm holders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Zero line indicator for PA universal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Beam splitter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Spare parts box .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Super LAX Grease No. 4X for ball bearings on GV motors S 5ii 773274 and S 5ii 1 1 570\J l . . . . . . . . . . . . .  . 

External current shunt .5 to 1 .0 amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

External current shunt 2.5 to 1 0 .  amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

External current shunt 12.5 to 2.5. amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

External current shunt 20. to 1000 amperes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Extra motors on panel base with control and step pulley drive may be obtained . 
Adjustable Slit Assembly for optical box . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Prism Assembly for optical box . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . Optical Adjusting tool for slits and prisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Neon Timer Attachment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Rectifier Tube for Neon Timer 1 1 7-Z-6 GT/G (Hygrade Sylvania or equivalent) . . . . . . . . . . . . . . . .  . 

Flasbing Tube for Neon Timer 63 1 PI (Hygrade Sylvania or equivalent) . . . . . . . . . . . . . . . . . . . . . . . .  . 

Arc Lamp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Rcctox Battery Charger . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

DC to AC Im,erter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

Type SG Relay . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
Battery cable (approx. ,) ft. )  for 6- 10 volts D-C. service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

Spencer thermostat for panel S jj! 877042-C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
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Style 

9:3o 376 
4:39 224 
439 225 
,'j77 709 
;594 6.50 
439 226 
43�) 227 
577 708 
439 228 

1001 984 
877 049 
877 1:3:3 
559 75:3 
. 'j.�9 7.'i4 
. 'i94 18() 
. 'i59 7.5.'i 
:)59 7.5() 

1003 7:35 
1003 7:34 
1001 816 

718 723 
1 003 428 
1001 999 

'# 3i5-C 
'# 1000 
'# 1 129 
'# 1 1 :3:3 
'# lliB 

721 347 
721 348 
821 694 
930 648 
721 899 
682 1 8 1  
821 69 1 

9:n ()!)6 
9:37 G97 
930 G48 
721 899 

9:37 };3() 
g:n Bs 
721 :347 

9:37 1:39 
937 141 

Westinghouse Type P A Universal Oscillograph 

NEW AND REPLACEMENT STYLE LIST FOR THE 
PA UNIVERSAL OSC I LLOGRAPH-Continued 

Title 

GALVANOMETER PARTS 

30 in. of polyphase average value watt element suspension ribbon . . .  
:30 in. of standard ribbon on spool . . . . . . . . . . . . . . . . . . . . . .  . :30 in. of sensitive ribbon on spool . . . . . .  . 
:30 in. of high or super-sensitive ribbon on spool . . . . . . . .  . 
30 in. of high-frequency ribbon on spool . . . . . . . . .  . 
One standard mirror in bottle . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
One sensitive mirror in bottle . . . . . . . . . . . . . . . . . . .  . 
One high or super-sensitive mirror in bottle . . . . . . .  . 
:Vlirror cement in bottle . . . . . . . . . . . .  . 
Galvanometer lens window-horizontal . 
Galvanometer lens window-vertical . 
Gasket for oil sea! on galvanometers . .  
;) standard vibrator mirrors in box . . .  
:3 sensitive vibrator mirrors in box . . . . . . . . . . . . . . .  . 
:3 high or super-sensitive mirrors in box . . . . . . . . . . . . . .  . 
Complete metal pill box for vibrator ribbon . . . . . . . . . . . . . . .  . 
Complete metal pill box for vibrator mirrors . . . . . . . . . . . .  . 
Gasket for element frame-Horizontal Galvanometer . . . . 
Gasket for element top-Horizontal Galvanometer . . .  
Gasket between well and top plate of Vertical Galvanomet ers . . 
Adjusting Pinion for Vertical Galvanometers . 
Ad]usting Pinion for Horizontal Galvanometers . . . .  
Ad]m;table l\lirror Assembly, complete for Horizontal GalYan:r�"e:er:' . .  

LAMPS 

Figt1�e 

1 1  
11) 
11) 

J\Iazda lamp ;(I 35-C-l:sed in slow down circuit, panel S ii> 877042. 2.4 \'olts, 0.8 Amp . .  . 4•) 
4 1  

7 
7 
7 

::12-:32 C.P.  J\lazda lamp-Used in panel S ii> 877042 for Shutter z,nd Clutch G-8 Volts . . .  . 
21 C.P . .\lazcla lamp for optical system 6-8 Volts . 
::12 C.P. l\lazda lamp for optical system 6-8 Volts . .  . 
.)0 C.P. 2\lazda lamp for optical system 6-8 Volts . . . . . .  . 

SENSITIZED PAPER AND F I LM 
FOR LONG FILM HOLDERS, 5 I NCHES WIDE 

66 in. Roll of Sensitized Paper . . . .  
10 ft. Roll uf Sensitized Paper . .  

200 ft. Roll of Sensitized Paper . .  
28 in. Roll of Film . 
(iti in.  Roll of Film . .  
10 ft. Roll of Film . .  

200 ft. Roll of Film . . .  

SENSITIZED PAPER AND F I LM 
FOR ROT A TING DRUM HOLDER 

3() in. Roll Film :3H in. \Vide . . . . .  . 
62 in. Roll Film 3H in. \\-ide . . . .  . 
28 in. Roll Film 5 in. \Vide . . . .  . 
6() in.  Roll Film .5 in.  Wide . . . . .  . 

:39 in. Roll Paper :3 H in. \Yide . . . .  
:{!) in. Roll Paper .5 in. \Vide . 
6G in. Roll Paper .5 in.  \Yide . . . .  

1 4  in.  Strip Film .5 in. Wide . .  . 
14 in. Strip Paper 5 in. \Yide . .  . 

Roll Film 

Roll Paper 

Cut Film and Paper 

5 1  

Exposures 
.\m­
An\­
An\· 
"\n\­
,\n\­
An\­
c\n�-

., o) 

., ,, 

l\linimu:n 
Quantity 

To Be 
Orderd 

24 
24 

8 
12 
24 
12 

7 

12 
12 
1 2  
24 

24 
24 
24 

1 1 doz. sheet,; 
1 1 doz. sheets 
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